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Automatic Meter Reading and Control Systems in Power Distribution

Kobe Works Toshihiro SHIBATAKI

As a part of the modernization and labor saving on the operation and control of the whole power systems,

in the field of power distribution forms on important problem, too.

introduction. of automatization

Though there are a variety of methods for automatization equipments

of power distribution, beginning with network protectors and reclosers pursuing local automatic function, up to the centralized synthetic

systems.

Taken up in this article are the remote control system of the distribution, load equipments and the automatic meter reading system

for the central supervisory control, of which brief description is made with organic combination between them.
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Recent Regular Network Distribution and the Equipment

Kobe Works Takashi UMEMOTQO

Nagoya Works Shizutaka NISHIZAKO - Yukio UOZUMI

The fact, that the low voltage network system is fit for the power supply to flourishing quarters and business centers of cities, makes

this system increasingly adaptable to a good many places in Japan.

Mitsubishi bas the largest record of manufacturing the low voltage

networks in this country and has been making public the technical result of the application of them one after another. From 1969 to the

present the Company bas supplied the equipment to the Tokyo Electric Power Company’s business teritories along the Shinjulu state road

and to the Kansai Electric Power Company’s Kobe Motomachi Section, thus making contribution of elevating the reliability of power

supply in the centers of cities.

This article describes not only recent network equipment but also the main point of regular network technique,
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EREHIX 3w bo—s F—KETEERRD for0ws 203wt 2, 2{HE
BREIETH 228, Cco@EMK, 2MEIETRICTS, H2vi
WEIE - BT LESF DA EbED, gL hbd o,

F3.21C, TO—RMBERD 1080920 2540t DEWEE Quwo D
BREZRLTCV2 2, ChEAKRNCHPT 228D L5 KAk 3,

(1) ZHESRPREBEINTAT, Jo7oz LoBiRsE%LTw
L%, Thbb, EEPG B AESLIMWDONMIENT AuEL
feeE A,

(2) ZEESBPEEBEENTWT, Jo7oz LoeWEnEBLTw
3L, “EF]” 2o B~ BB B 2o B 1 avf
BIETE 2205, “BH” CERETE 2\,

(3) —R o4 BREBINTH LT, JSoroz LoWizns B
LT3 & &l, BHIKCEOME~D A FLIRERTRECS 5,

L¥as Fwbn—-2

EfE R 3. 1 1RT,

- WS - FEh

WD L5 o bo—o TR & & O - A - 75 - fafk

"}
| 7 iy :
H 1
| ]
] !
!l A¥ 5 Ay 2773y bAoA
] } I
i H
i H
i
oo
P AW R
~ | ] & 7 - 24
!
| "
1 fo)a
1 [
| iET%%JEn
|
| P
{
{
|
i
e e e e
—RETERER
3.3 — KXW Be D1o20ws 5 R

Schematic diagram of interlock method in three-position
disconnecting and grounding switch.

& 3.2 —KHBHRD 1o800095%0 r BVEE awso MO
Interlock magnet operation and lock position of three-position
disconnecting and grounding switch.

A2 F Tz~ 3oy h N F Vo] gf

@ O (R RE 1% g
I

P
Wil o2 | W o Bt

ON ON )¢

ON orr | X

X
X

o | o [O[O] x| =
e

O O (“fu Frz Lo MisriiEL Ton ‘},)

- /\‘A 151911

OFF orf | O

)1, PO~ FAK
2, b Ry B LR

3.3 xv V- EER

3.3.1 & =

LEaS Fw bo—o ZETERRIT, Fﬁ%i@iﬂf“mu&#%etﬁ”%ﬁ& 5 %wbo
0 B HXOEERBO—D L LTHHEN S DT, —fick
DX S mAEUREREIND,

(1) B Avb-duaThsbt

EFER ST 27D, 1uf—dur X 5%FIEL L, —kD
ZEGREVEER L 5,

(2) WREER e Josoa yL—- Ot s &

J0708 OUWER L < Wik L % L 3 2w, FIBTEGR % Bk
ML OVETRELT S,

(3) @EMHEIKEWC &

1 ERREER I, R SN ERRSBAR E 2D
DT, ChCA 2 BEARHEALETH 5,

(4) EH -Pimlgsedsce

ﬂT%%E@kbﬁEﬁ%<,ﬁ*%%fﬁméhéckﬁéé

T, PO, JBANIEBENLETHY, TiivD

# w&;iﬁ?ﬁérﬁ: TREN B,

(5) EEEY: - RTIARBESTEDC L

T L7 e D M2 2 ¢ & ik, HIFFLORE D OIEHE B
THD, EHWTI~NDOHAY BEEERC & A EDH D, EEFMY
AL, RTFEBABESAC EBLETH D,
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(6)
HTHLOE ?“HJIJIKE, A OREEX 7 & D Eh o /NBRETHE T
EREgENG,
AH, MEEEHE~A L 2y to-o B, AIRIO XS
RAEMEPHBRELTVE L b, HLIEBREDVBANEEMNLT
200V b 400V BT Y B4 TE BAEE LTV S, BT
T DEEEZRO RIS IO WT BT 5.,
3.3.2 f+ #
YRR RO L BV TH B,
(1) ® K: M@l FILAL ZAR 488, A B
25 AR
(2) JEfAks . 50 Hz
(3) —WEE: 22 F—21.5 R—21 F—20.5 F—20 F kV
(4) BB A105- 210V 3 X UF N 240/415V £ 0
X TIHE
240/415 V #8750 kVA
105 « 210 V fk:fais 656 kVA

N (=
W

(5) kL -

(6) #HmA: 22kV/105 - 210 V

22 KV /240/415 V

(7) RS
(8) A :

- 55deg LI
75 9 EE N I h k% 150 % AT 8 I
i

(9)

105 « 210V, 240/415V & % 750 kVA
T 5405 9

(10)  HtRigL - 20 %

3.3.3 % =

(1) —fkhiE

S bo—o EEHERLIC LT, 3. 2 EREiio— K He % MR

LTEY, ZRMCE $oto-0 So5o2 RERHTE D HEEL &
V3, —EKBNEE M0 MR T RS TR It B E Juy
5 WL THIKI LR LTH D, X o B IICER Y 10 7ob%
WEEETY T—FAs K b, 22KV, 150mm?, pyILwor, CV -3
WERBHLT 44 LERETS X5 LTS,

SEERRPIER OGN LR R A RHA LG L, R
ROER S LT, FABEROEFRRREMIC L0 XD,
OB R CEMEBTHO—Y L T 5 7w, BREMIRIG % M
LTwn3,

TD Rpto—o 28

(2) &IT?”?FP/T

Fup bo—0 ZEFERRE, RERREN L& Z O MERIHARLAEN T
w3, —HICEREIC &3 LEROFEMIBLE, FEFEE 1Bk
ADC LB L INTEY, LHEEROFEMRIZETE o i
TN T B RO A LRHEIC J: S>ThEEAENS, 7o BRI

D HHEARDTHAM: 2 R L L e HI-L s, SOt 1t
= 10~20°C fRHEEASE K 7 » Cb FfRRE @#ﬁﬁ#ﬁﬂ“‘f% 3, CD
Gy bo—o ZEEER S HI-L SRR AT 2 c ek b, N
BT B e, HEETHE /kéhfcx@ﬁfﬁhﬁih%fﬁéx[’]ﬁa 2T
B, FOFHMBERLYLUTERD X5 LTnD,

DHHER 3. 4 IR

870

(3) zuo

Spuud & E—HERE, SEamiiEER TR, lkg/om® DR
HfthCnqu, RHREORA S () afiiEe LTS,

kt(;i/kﬁ”ilr& OB RETHALTIERELAVES K
iy Fimnxf o2 & U CHFSERASS L e i fe btk ooty B3ET L
T, XbCHEIRCE, 2us ARE BRI 72 anr-t
Bl R A LC, B WEENE S 2IEE LT 5,

3.3.4 ZREBEOHYHRA

B0 — AT R B UFAEIEA 105 210V TH 5 2%, Fi
W00 VBT 3 C R TREINT VB ), CIIHIETE
%I 5 AR T RET® 105 210V 2 b 240/415V £ b 4t
2 ARk L LTWE C kiE, 3. 1Bl B TH D,

— I EHARE DK E RSO hH 2.3 EFEFHT LA,
TR - R D, COxb Y c—RIC 25T BT
IO BN R L DAL DB, COBEKCLBEE ayI )
DR AICE D Aub—Fur K E ST B, Fols - 21w OFEAD
Bt 3% EDRERD D,

S bo—s TR, 5K, BHFEORMMCIEU T, LHER &4
WD DT o b—g BHDEFERD (o402 £ TE S KT —
OIHIC B B LR D D, BEIFHIC 5 B A, Aut-dy

2 B viEE LTwD
Fbb, F3. 5 CHRT &3 Y IEERNE 207 W e R
S, awS EEE - B LT—E L e RSB E L,

® 3.4 = fH750kVA H & X dobo-o X E R
Three phase 750 kVA underground networl transformer.
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B 3.6 £ 17 3 R & W e R

Characteristic of over-load indicator.

X 3.7 CME R twtbo-2 JoFoa
Exterior view of Mitsubishi type CM underground
network protector.

s

TSR A

CNP-27%

k!

X 3.8 CMJE st 30 b0~ JoFo2 DWE
Interior view of type CM network protector.

RO L#as 2w bo—o FIE & 7 O - Hi - 758 - G4

. (f* TN ¢
(BT ¢ vk
EIHE A0

KA aha )

X OHDIGHAEIL, TR E - llH D b ALk D% i
LTw3,

COXREMELT LY, ZRAD 20T HEIH M
L ThH, —KE ZRBRMOBKI & B O FFEEEIHER LD b &
W7e, fu-duz ZEA Eb B THOR L, FHHE ) iR 2T
REARoTnD,

SIEH LA 297 8kib < LT i raicds, A5
fERA CEBHREL LT 5B,

3.3.5 BEWMHRREER

LR O BEM* TR T 5 2w, LIERARTERIC L L7 T
CXBIEEE, WMREBHEEER L T 2 20 BERMERR T 25
FHC &, SRS AIRS 2 BE L 2B L, = o 5 i A8
NSC L 7c & &, BHMAOER 507 % 4T 5 EEiER
BEEWY AT TnD,

WEGZORIEFO W R ZE 3. 6 CRT,

3.4 xy tT—2 FAFsY

3.4.1 F 1%

EEE-CHH XD CM B 4w ho~2 0502 DK HIT % 31
#FdL, DEDLSKARB,

(1) BEHNX:  (a) ZHAHE A 240/415V } PR/ T3

(b)) =448 a105.210v] AlE
(2) EMER 500 V
(3)  EMTEM : 2,500 A g
(4) SR 50/60 Hz

(5) G2k L <MW
(6) FEFELATER :
(7)) JEFRIEIR IR -

A5 kA (R4 ST
1035 kA (PE)

45 kA 1M (ta-F ZBR )

(8) TERIRAERT AC 240V
(9) ERMTIZRSLELE: AC240V

(10) e A#ED
(1) BlEry LA
(12) =EH i

TERE vL 1K Sk
JusoY BlE@EF LJat
¥ 1,600 kg

3.4.2 # ®
CM ¥ 4w bo—2 Fo508 RELT B 28IMh bR > T3,
(1) JoFoz Leizd (DB-75P 1) 15
(2) Jo7o98 ta-%

FLK & 2,500 A, L +WifEi 100 kA 37
(3)  Fwho-s HEELRS

(a) flfHEEs:  CNM-1 g 14

(b) {ORAKAMERZR CNP-2 72 18
(4) CT (Na#iHzED) 1t
(5) #wbo-—o fHERHPT 1t
(6) Eizte L UHEFED Y 2 BAPHRR 1t
(7) $VeRIREERZ S & U HRR 1
(8) oavsuyBlEET LIE 1z
3.4.3 HELORE
(1) # #k

kI - HER 0S5 kg/em® DIES 2R D - Th chiciti, |
BREOLERDIOT, W AECHEZ LT 51T, LT
LM, ZEHERRE DR, Jevud O, BIUSAREARY
I 243vu3s6 WD Ruty FEHAL T, BERERHEL LT,
(2) ZIER & DRt
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Fw bo—0 BEMO M E 2o bo-0 Joso2 DEEFERE &,
who~o J0505 LIBOEE dob X DY BRWCER S
T3, ¥k, fAke jobto-o EEEE I THTHLMANT, H
EENTWD,

(3)  Zwbo-o MHGT

3w bo—o JoFoa OATRIR ST 2205 F BT & 50 T-ibd
EL, 2%z LT E OO BLMETTIT s-tu KX VSR
it AAER S E LT3, 2R Sy fr—Ju i, TOBHMT 1302
LT 5o B 250 mm? D 53 % LS ) 14 ZAE TR T
BLENRTES, ABFT-ILIE, 2wbto-2 30502 EHICHD {0
e TS EHHED I X VEE L, 3w bo-2 F0Fo2 ST 0K Al
ERBIBbAEVISIKLTRS,

(4) FIHEE nofu

ERIEC TR Aol 2B Tw3, O pufy i, THIE,

FEB ], Ty O3B YIRARTE S, nofy & TET
CEIDIRA B &, Fwbo—o MEMBIC X2 BEREEEZTTRS.

(5) EHEBD

ZERIE FEICEEI BB e A () BT, Billics»THEIR
BETASICLENTEL IS5 ILL TS,

(6) mMzE

EEFRBOSBREIC LY, Jovoz Lo WEROBIWEOERE &,
FHBAZE RS XU ausot 9l E BT LRBEERTOABNRTE S, I
T Lo S X 0, B s XU Sovoa ba—F REIRARLT
DERHBTE B,

(7) GBI A

LR b DHIHM O BRI AR R b v Ts b, BT
WEAN, Joros Lo WRROMEIRE. Jo5o2 ta—Z AW O&IE
Bmiiicl Y e e nTE B,

(8) Jo5o8 £a-3

Jo7o2 Lo WD iC So702 ba~Z D R bivTwn 3,
HWREOMFARIETIE JoFoa a2 Il d C E DX 5, i
R P RRT, #eEMoTwd, J0702 ta—A B 1AKT
BIAWTT 5 &, ENERERRAERLT, ta-2 BEN O FRLT

(Frfa) 2RETT DT, Josor Wb £a—2 PEEEREID C
LRTES,

(9) Avz0w2

GRABERHERT 229, Tii® 1uvsowy BREERTCEY,
M2 WL TF T E LT3,

(a) HEBEE vl % (BB K LAT I, Jozoz Lol
TR B ATRET D Do

(b) HEBRE oL RBERICLATHE, oA e b
BATHETD B,

(¢) ta-RBLULZHVAEDLE, ChPHLL\nE AR
1B nofL DIEVEETFTRETS 5,

(10) FSoxoz L <Mz

Josoa Lo Wighld, FRNEICD 21%VEE MR Avfy itk b
HETNREESHICERTE 5, LeWithtd % 3 A LT EH
N5 e, HEMEBERENTCX ) BBMCERINE, D
L+ Wiggd, ZAFHD DB-75 JRESH L « WrEkic, SAFEVE A
Fi & DEFEBHEPI T b DTH B,

3.4.4 xv IR ERTALOEE

(1) b ks, *wbo-o BEE, HP=H 48X

872

A105. 210V, BE=HE 4430 A 240/415V TH B DT, »wFhic
LT b BT ¥ SRR L o
(2) Zwbo—o HEESE, CNM-1 B HMEiEES k 1 CNP-
2 TBAHE AR E RS A b e TR b ILTWw 5, Chb DOHE
MOBIRIFER L TO L Y TH S,
(a) CNM-IJE:HItikEERR
WA L Wik

2.2 (a)eBnT, 0=5
y=0.15 9%

W IE AR 2.2(b)rAEL,
(b) CNP-2 JE{zfH Sk B e
R AR 2.2(bYEHAL,

CNP-1 J¢ (4 S B 2R R R & LT HEEZ A5 Oic
3L, CNP-2 BRI REEES H\- 525, HEHEELO iz
(30°) REEIC ANAMHEREMEL LTHEOT, ERHKOEELD
PaRik CNP-1 R E X o A K AL TH 5,

(3) BEDD L s 505K

210V DB AR EMBEE S BEENT 5. A 240/415V OEdr
i, PT %M U CEEBEEEZENT 5,

LEBEIES A105- 210V 2 A 240/415V ZEHET 3 &, &
BERSEILT 5, »THOBBICH fubo-s HEHROATES
LT B0ERDZOT, REEOBEESNCELTCT LRz
5. LD 2ylbo=-030522TlE, DED XS hfekko CT & {#
WU

A105- 210V D& 1,800/5 A
A 240/415 V D54 1,000/5 A

ok, T4 AL05 - 210V ClIAT 28R, 2. 3. 2 Filc
2 L7z X 5 ICHIH 3 SRES IS AT 0 R L oA R kT o 0T, N
FEBIEES 3w bo—~o SRS E MM L, Z4A 4550 A 2401415V @
BELSCEUHARTES L3 iIc Lz, CDZHL, Nz
Wk 3.600/5A @, N EEiEH CT 2% 7. (M2.4, 2.5%
Jcy]

SIHEIEOFEHEIEY 200 V ficEEL, A105-210V OBF
RERET 210 V #EIIIL, A 240/415 V OB & IXHEER 240V %
HINTE 3 X 5B Lk,

4. BBETEHOHETE KR L ER N EHE VIER
Fy b= FOF2H

4.1 %

BPEICE, 2. 1Eicid L X 5, bBETRIFEL, EE
2y bo—o FHRFEFLL, BIEKES £TIc, KD 2551, T4
D1 HEFCEARRT bhTn 5, COBRHERN» D, HFFOREE
KT LT, Fobo—o ZHAT 3 C EXFHEENAEDDTH S,
S b0~ HAFEHE X N HIRIE, TENTERAHE QM & FFER 5@ D
b e LT, AECRIEIER S BB L ciiET
H5,

ZD Fwbo-o OEFED, BEmEEHIOMLOMBOGE & FEkIC,
BEAED BEMEY HRIC L T 5 2H, Rkt 5 &bk
 Zwho—o BRETT, HERXELTWw3, &%, HEXEL
TE o HER R WOTEAE L, BIEHTDH 3 0EAHHIE
HiIcTE AW EWS FIENED Y, IEL2ET 7-r-F O LicZE
BERET, £ 302 10wt RRELAEDH5, HKEL
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A=260 3 4E 73
A=360 7—47— [H

4.1 CM-451E (B) 4w lo-sJ057204
Type CM-45(B) network protector.

Ry b7 = o)

LUS

P VN T

4.2 CM-4538 (B) %vbto-0 Jo504
Exterior view of Mitsubishi type CM-45(B) network
protector.
Hcifld - figicid v, HEHcEHkL T3,

WML, ZHABKNVI06- 210V 2HEHE Nk, DK
2.3 1 RICl LA BEHGREHRED 5 5, (1) (4)%HE
T35 TARLLFEFEE 105210V L@ L, FIE 6,600/105 -
210V OFHEZEER O A TIRETS 5 7o, BEER M4 < HUH

WD L¥a5 3y bo-o BB & & OB - Hidk - 76 - A&

B 4.3 CM-45F (B) 2wto-2 Jo5ua QR
(LeMisBERsiHEhTtws)
Interior view of type CM-45(B) network protector with
circuit breaker unit drawn out.

TELDOT, DHLAICBETREDDE, Fuho-2 Joros BT
H5,

4.2 E ¥

TD zybo-p JoFoa i, F 2.5 Wil Lic, [HIGHE IO 504850
J0Y 35 X OVRBRT H ALK T CM-45 30 bo—2 So7080 % JEHEIC,
Rl AET AR DT, CMA4SB T 3, * O E Y 5
FETDHL, DEDLSKCAD,

(1) TEHHK

=4 s V105210V

(2) SEREE 250V
(3) BRI 1,000 A i, 1,500 A 2 5

(4)  ZEREpEk 60 Hz

(5) s L« Wi 25,000 A (S4TSR

(6) EFSELATENR 60,000 A (IR

(7)) SERSER IR 25000 A 2Fb (ZSHirii)

(8) Tk AR AC 210V
(9) EM3IERFLEE AC20V

(10) AR

(1) FFEFLHR

(12) # #

4.3 # B

CM-45B % b0~ 30502 &, PHELUFICHER BHEEA G 7 » T
w3,

(1) Jozoa L+Wigs (DBP-10 7¢) 14

(2) Fobo-o fkERR

B vLI1F HE
JuFuY FIEEF LA
#y 360 kg

(a) ffHMkER  CNM-17g 14
(b) {HEsR#EER CNP-2 33 14
(3) CT (NHHHEME &) 15
(4) ks s X v 13t
(5) ooy BlEkd LikE 154

4.4 WHELORE
(1) BARTHZ0T, LULORM, Jooud OHlls XU
RREA EIC 34Tvvds O Rt BHEALT, Bikid e

) BWEFHEER 2XI00kVA GEHHD -1 X100 kVA (FHR) - 4.3
B
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T3, FH RGBT 5 7o B ke Bk Aeic R Y 4, KRN, 3w bo—o DHOARRTEEL RV bW 3 HHRH TS

HORIEICIENE ANvEL, ABRETRT A LI Y, - S LT, tuto-o HEEIOUTER L « Wi D7 H D AN, HEGRY
B THhARBLCTEL LSHEHMLTNS, 2L, Mo hT TSR & — IR r—Ju WMABERER LT TH 5,
b IEMER TR B e dic, WD) OBEL Bk, RO EELSIER O B, @O F-a kb LI, KE X EIER
A5 PBETH Y, FEHTHX %0 bo-2 T’Pi’ci’b%#&'bm LTw3, WD 0.6 %, (AN 65 R AW Lice — K 24-45-JL I,
77—t LT 2w t0-0 S0702 R RETHBAXELEERY () BN 250 mm? 75 1 [Hl#ficD & 100 m LT 2 L Wi L7, i
JRCEET 5, b DEEE, BIPEE G & DABHICE VBB DTHY,
(2) FHERD LT3 AFOMmTHIRY fFbhTvs, Tl R DO—DD Rt TH B,
TAEIERRM, LR A 2o bo-o HITH B, CDOEMRFABUC EdT e wic, (IICH L 2% e L .
(3) Josoz LWt svbo—s HERE LRk EoTH Fwbo~2 SoFoa WA, BULCUER L« Witk gL, 1=
BT bhTEY, BHICSIEHEHELREoTVS. & WICEET 5T & RN L,
2 L%’Fﬁﬁ%&; , WA DB-25 RS L Wigs & Sk & LT, 3o (3) N#H#f (CT &udE)
Fo—2 Fo502 L LCRICERAI L2 b D TH DD, BHHFXMBSH A V05210V TH 30T, 2. 3. 2IRICH
(4) FHICHT ZHEBRELELT, Jo7oz Lo WiRoObHE U 7% HUHE 3 SRl AT O F A LIETH O IR g th+ 5. 3. 4. 4 TR
as, BVREBGE B XU ausuy SRR LEEERIT 2T 5 (3) & BRI NAFHIHE S 2o bo—o MERFREIRAL,  IEHICBIE
TEMBTES, BEMRL WA TEDXIEE L. Z#EL, TD 2vbo-0J07
(5) Jo3u5 L+WigsomEERE, L@I*;ﬁ%%?kﬁi@l“%]ﬁ%]ﬁ? 28 Tk, 3SEOEELEAD, NHK 2ybo-s FoTsz2 OPE
53, FEACERMEORES, THORMAFEMTC LY, RIHCHRT LbAVWDT, F2 5IRTHAEXOEEMHT b e TER
%, v, TD%Ww, CT &EIE & IF NABHRE S =0k Bi/c ICHli L e,
4.5 Ry M- HEROERLOFR ZOFEME D EICRT,
(1) D %ypo—y OEESHFAHZH A VIS5 210V TH N{FHEARERTH S & X (2.4) TRL,
% @f*, *'uf\’j—? BRI, QNM—¥ WL ﬁ[‘[]i%USiEJ;“:ﬁio”JiU: CNP- P-E. (IH— LV)H:B(IAJF ,,,,,, Iv>+EoIc ............... (2.4)
2 TSR ER A S h e TH . Th b OHEEZ DR
DE & LUFIC R, 2. 5B, Ly, Ip Io. Iy DT $E57 OERIA 2 YL
CNM-1 ik filfik i b,
MR L Witk M2 2(a)tBng, 6=0° LitIpt+Te4Ty=0 o (2.5)
y=0.19% (25 FHAT, X (2.4) D Iy RiliET B L
T LE F AR 2.2(b)rML >

1 1 1
~ A fds JET b A GBS P:Et - I/.... I — ,)
CNP-2 5 (i HiL 0 e ‘( oLy o=yl

".n-" NS X R
P A 2.2 (b)r@EL VEp- (- iLL.[V ifﬂ"' ﬁ Ic) G Eplp e 2.6)

(2) WERL - BEREDRECD oo T, Fubo—o EHERD N - -
TR, — R 24— d T DEEBRBRDOKEE, Fubo—sLEE zoR, A B, C HHEOEFZGIY g, NHEEHREHW
NEW—RADEMOKE XBHLLTETEAL ARV, TD % Bl THNMEBEA TS T ENTESCERRLTVE, TDF
wbo-o T, 4. 1 EICER L7 X 5 ICEFE 6,600/105 « 210 V D ik iu;t, CT ZwHho&aMick h NM#HHEITAS bDTH L0 b,
PEERR AT 3 C AR E ., T 2wt BHOZET SR N R L R (KRR, © o NARFIE DT
seBE, EA Lo HEEELR (3 ESR) SIS, WE i, NAEAFRE W@ L AV R 2o bo~s JoFo2 IGHELTY S
L oW EEICH T 2 BN U L e EHT 5, b, — CEBRTMENDITHD 5,

— oo

100kVA 2 X100kVA 7”D%79L«Uii§
c A A A AA
L VA TV j
14 | }
N \ Tl
T(IB"‘_I_Q
’\\w AN AL
B L/ V -+ \%
—+1n {.IB \
_ o1 1 !-fUquIc)
- _
//\V/\\_] /\\/\\_‘ /\V/\ o b
e %Ic! E@\J
I—(: HEaq
E) 7= raAnd TECEL s T EiwaAsn

®44 CTHBRBNMRHMEHKX Y- 1 ¥ H

Example of network relaying with multi-CT type compensation for N-phase current.
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YL —A7 iy AT o L g SV, L P S T SOV o G N P

ic f\/v“v\fyﬂvﬁfwﬂ
E) Exn=99V  Ep=104V
4.5 CT Gl N MK 2w bo-0 Josoz ©
tvodss i
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Spot Network System for the World Trade Center Building in Tokyo

1tami Works

Kobe Works  Takashi UMEMOTO
Akira KATAYAMA - Satoshi ABE + Nobuo FUKUDA

Nagoya Works Yoichi SATO

In large cities symbolized by Tokyo there has been a tend of applying a low-voltage spot network system to lofty buildings for

these years and the number of those in operation is on the increase. Spot network electric power receiving equipment built by Mitsu-

bishi based on its richest experience in this country has been delivered to the buildings in Tokyo, Osaka and Fukuoka cities since last

year. They are now operating successfully, A spot network system taken up here is the one supplied to the World Trade Center

Building and is very significant as the first product installed in a regular skyscraper in Japan.

This article described the basic information on the spot network system and that delivered to the above mentioned building.
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Typical arrangement of spot network system equipment
of World Trade Center bldg.

THDH 9,

HFRRE boa-tL BT B Al bie bo—o OHBEILEDOH (1
T3 #M3.2, PIUES3. 3R,

3.2 ARy bRy P72 23KVESF—EZL

EAE RO RWESER A LT 5 SRR 2o O HliHd:
HERTVD 2w biw bo-o AFE f2-toL &, EAFFES &
RS - HBROES B IR ED ST IEFICITFiTE BT,
JEM-1114 F JUAY O MAHSHELERTH 5,

3.2.1 # &

A b bo—2 FISER $a-Eon BB F—EgT e L, &
$a-ton i, 3.4 OMEERRICTRT X9 %, 7-Tunwl, 7
I AL-r, —RINTEES ERRIEE), WREERRED
FEBE e, chbOfEEE-XEWHL T 5. 3.5
B a-tol WAL RL, R 3.6 EEMKSEE (r-Ju 514
B) OAFEEETH 5,

3.2.2 HECEE

A b bo—o FIEE #2-Pol BTRIO X O RREEAL T W
%,

(1) HEREMIFEACERSBETCREI N TS0 TEET
H5,

(2) &I r-Ju s X URGR, ZEMIEE, twlo-o
LTFRAEEHRENS R TR INTwS,, CODFEAEH
CENTD, SEMESE L EERTRA Soroz L Bias T
i, BECETROBTFARSTE D, ¥, FEbSimEmE L,
TR HT D70, BTRERRVE BRI &% B LT\ B (RERIE
EHERERSRICL YV EHINLTH3DT, NBECEUTRERE
e EEIESRED R AR ZRICITR I TR TE D,

(3) rULREEENLEEEHCoEEh, BEEe bl
Bk L b T X DRI, Bk 28T CROBBICES X5kl
CHEPEELTH Y, EFELULEHELTEVA T L IR
gEbHO () TE %,

Fie, k& UHLFWCEBIME P T MRAo0XEE, &
FROREE O X EE, MBHHEO DD/ ETDb, OB
523 X USRS HI Dpo OMIRFIRIT, PRRIHRBIITH 2107 %

880

r i
3XCHL_ ! , 1
|
| \ ' i
, ‘ | |
| / { |
os AT i E
(20B—LBS—2) | [ |
28kV ! 5 i ™~34TR
3%0& : | i 1 (AV=B)
1 l‘—_‘_—‘l _________ |l 21,500/
spe i _ 415 =240V
| E | (7751 | 1,000kVA
R AR IO Wttt

RIS B EARBBELRT
® 3.4 afobrobo-o 23KV fa-ton HRERI
(1 7Hi53)
Single line diagram of 23 kV cubicle for spot
nework system.

0oo
ey £J
||
cHa |~ dr
TR
sp_il 7[
Mo L=

2,600
AT ERT
®™3.5 zfwbiwro-2 23KV $a-ton WX
Cross sectional view of 23kV cubicle for spot
network system.

3.6 Zfwhubo—s H23KV $1-ton
23 kV cubicle for spot network system.

PR, HEREULERL T ERL Fa-Uow ML RRT
%5,

(4) M5E #2-tou ETHHEN ETO LI THARNT 50%
EHE L LTV B A, B O EZE LE 3. 5 OXEETHEIRA
TELXOSICLTH S,

(5) ZEERAHMZETRY ANDE UL 17702 & LD
NI Ths, chld, BUA () LTHEEL 2GEEPHERT
BT NETEEACE 20T, MMICHERTE SMEL Ao TV
%o

3.3 —QXBfHKER

— KRBT o b0—0 ZEFERRO—RRNCERT €,  ZEFERRINEETE

ZISEHEF - Vol. 44 - No. 7 - 1970




3.7 — XK Wi %
Primary disconnecting sw1tch.
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Network transformer cubicle.
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3.9 2fwbiotn—o OERE £2-Eou MG

Example of arrangement of low voltage cubicles for spot network system.

3.10 #RES tua-ty D 2w bie bo—o EFE
Fa-Eon #

Example of low voltage cubicles for spot network

system of world trade center bldg.
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3.11 Azdo i
Cross section of bus-duct,

X 3.12
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Low voltage bus-duct with insulated conductors for
spot network system of World Trade Center bldg.

3.1 Rtk X UMM EREH
ltems of position indication and fault indication of
spot network system.
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Development of Modernistic Apparatus

for Overhead Power Distribution in Overcrowded Cities

Dainichi-Nippon Cabies Ltd.

Mitsubishi Electric Corp., Kobe Works

Mitsubishi Electric Corp., Nagoya Works
Hisato KATSUTA » Chuichi SHOJI - Masayuki OKADA

Kiyoshi AOKI - Syunsuke INOUE
Mitsubishi Electric Corp., Head Office Shigeo USAMI
Yukio UOZUMI

From the standpoint of harmony among safety, reliability, labor saving and environment, the present state of 6kV overhead power

distribution in overcrowded cities is reviewed collectively and apparatus for modernization have been developed by looking ahead 10~15

years future. They are 300 A manually operated pole switches each phase of which is provided with an epoxy molded vacuum switch

valve, V connected 3 phase 4 wire system pole transformers having a capacity of 50+125kVA at the maximum and vacuum breakers and

arresters self-contained in them, and dividing boxes which both dividing units and fuse units with each of the phases insulated with rubber

molding are connected by a plug-in method each other.

coordination is fully achieved among each of the devices.

They are all successfully developed as single units respectively ; protection
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Oscillogram: of. load current closing and opening test.
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Test circuit of AC and Imp superposition.

] 'o$5183l—w1| | lAIc;el).slakl\/-lIer!7(l>% | Ik '} 7

LT

Ve el A/\/—
[ Ld2 us

L Imp A%
N 2= ==Y
Iy

2psT}

va [limp BF

::Izrf:p; CJFE”"“W\/\
LR Lt T
VIV ks =
ANV AN N\ N\~
\/\‘f v% E/Ilmp 35? \/\\, —

A -
hY

11

Ve

i

e

RO T e e

® 2.7 ACImp & & B B O #v0756
Oscillogram of AC and Imp superposition test.
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Destroied pole switches after AC and

Imp superposition test.
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Comparison of skeleton diagrams between conventional
(a) & modernized (b & c¢) pole transformers,

(a) AR

£ 3.1 M LR B oM s s
Comparison of function of protective devices for pole
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Modernized pole transformers.
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Vacuum breakers for transformers.
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Oscillogram of magnetizing inrush current.

W -~

PR T

B 3.5 3 X0 K ko2 JE B 0 R

Connection diagram of modernized pole transformers.
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An example of co-ordination of system protection
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Oscillogram of interrupting test of vacuum breakers.
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Construction of dividing boxes.
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GEMRO BTS¢ L, BB TR X UM FE R R L
KICEEE Lo ATEHILAONEE B 4. 2 [ORT

(a) 4l azwtb

RO X 3 WA I AR A T, T X SR
Ente BP 54 C 2-LF L, HESHBDIC 55100502 O DT
LewS IR0 I 2d 0T, BEFRCIEL ok 2 ~48A

b—li’bi(bz) @prr‘fJx“Cié D, BHS LU LR THHOT

(b ) t:|.—7:l:'u b

iR % F52Fw0 HERIRMIC, 250V T 20,000A OL
CWIREE b O/NE Ea-A % AR, MR O S57100%0
2D 355 & Lewd BENFREY {72 b 0T, SlE1zeb B
G RAHCHERTE S, APHBHHCRELRTT Ea—R
OFUFIETAR L D X 510 Lo ba—d OHEBHHEREE EZERMA
JI"'EZLJH’JH" -f-:&w#:t‘b"’iﬁwd LY, BRMOBMTERCED 449

(C) 759133179

SSUER D N LIS L 2e K & RO —2ik © 0 F554u0%0
5 ORFET, T O 302 B - TS OEENEESIEE iR T
B350, AFEREZHETCEZORAEAKFETD D, HERR
4. 3ICRT X5 ICF545 & LEwd IWhhh, %n%ﬂaﬂimnﬁ . %TﬂI
BHERE - TEARPESEo 3 i b1k B o ARBIRTRE Rk A I8 2
L CHERD 7— K X 2EEEHT S L 5CL, iﬂé& J34 (DJ‘r:
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4.2 ABSrIEAISE
Type A dividing boxes.

1
/ 7= T TR
ATETE A

4.3 J3i1u3%08
Plug-in connector.

i

4.2 RO AT
Test results of dividing boxes.

] 23 % i

TRAS B & SR AR, 4R 10 MO B

i B i b}

T & B & AL AR, 444HI) 2,000V, 3 43 OK

bl iy L Ft

18~30deg

B 325 mm? Jij

BIE 210V, JI8 0.56, il 600 A % alige 5 i,
gkl

WAt |

WIE210V, Ji5# 0.69, it 200 A % ilige 400 [l
RigaL

TR A L H B A D

AigE s m OK

A4 4 HELEERRE

|
!

AT ORI

Overhead constructing of pole transformers and
type A dividing boxes.

B J52Fws D AN ZIWD A, 25 ARESHC L, ¥ L
oD IRtk BRBEE OB R oos JR I L, A%
7354, Ltwd & DICEMICHRO - FFIEC L, Bl OB
ke L,

(2) DBIgsriess

FERZRRG R, BM, /MELAE CFCRBE L, SHAEODERTTA
5HDT, RETHARE ZHMHCTH Y, JERMEZATRLFAL TS
%,

(3) Cigsrikss

TERERET 72 &I & 0 2 HurP g A oD QS IEITT, AR
BHETH S, nult-b X LRED -2 KD % D KE
HiIC R > TW 3 EAT A - BIEEFALTS 2,

4.1.3 PEgEER

BWFECOWTHL» BERE T o 2%, 2D 5 b ATR4rIRHIC
D TOFERE R 4. 2 IKRT,

(1) HFFHFHER

60 3 X U 326 mm? D Js5iqu0k0r IKDOWTE L 2ICRLE
ST RE R 74 o 7o 60mm? JIICD WA ER L,
RO EH O LB IEFEY b v, BRI ORIY LS
FED T A o Feo THILATPAFE ORISR ORI L 2 DTH
5o BOHDWHD Fs55100%08 TEBRRBE TR o 235, #
flFBAs 2a 75 0 1865 L %o 325 mm? JliC2\» CIXHEHIAS 600 A CH 3
7, BHMRHICED 70 BFEET 225, HURROBERE LA L
BobNEd o,

(2) ¥ RZEERR e ATER 3 A5

T L2 OETER T 7-Ju & AR 85T 5 S5510a%
o2 1k, ZEMERSOHLD 2 Tt & CEEMD b 2SR & ik d 2
CEXEDHY, COBBERRITIED 2 ALIERRO EHTEH D #4930
ROBEATBHERATZC LAY, A OERATEEN
e DT, 325 mm? Jf] 555100408 ICDWT 50125 kVA 251t o
EFEM % B 7 RIEC, AZERID & Dz A 35 % )< 5 [Hlfy
o Tedt, 70 DIEPLEEMOTRN AR A  FHICRATE,
F50100%08 DEHICOTHRALRF XD bNAD 5 .

(3) sEma

ik D LI B B D PR A AR IC ATR A IR D koA b T
TCE L, u—v MBIC 15,000 A, u—w }E[EIC 10,900 A DE
% ba-d DL eWHEET I CENENH ms T 225, DKL Is
J4003 02 ICHFRBY bR Ak ok, ¥ ba-A PO TH
20,000 A 102 ms DESHZAREFEZE LTV 5,

4.1.4 % #

Lk B ek % 2 O LIHENS, 3 R LZEERR, 4.2
EiDWM - 7T AL EhIC, FERL A AUES RS O
14m Juoy— FEICHER U CESE MR G L 7 shsR,  VEZEDMIERIC
HECRICEBZ BT, ToHIMETE S C e PRI, B
TERIAD YERENERR D 7200, FTERE 2 FEf TP CH Y, SeFRkiio—
% & 4. 4 1K5RT,

4.2 E B

4.2.1 BESITIr~7LEmR

BEATETS | TR PD 8 & B3 2 MM v b T & 7228,
HERE - TOMO I F L, R LE[RD 7 DA LK SR L« ~ W E
FHTE S BHCLNBEC LR Y, Fix R R T o eiER,
BEREREICT <, LM e S b B D, 2D 29wTds B LP

R 2RI TE MR O BANEATE - #oKk - Fh b - R - S - B - =7 - AW 893



ReL~DZESARERHTHEE VS AEEB LT 8mm® CV r-
I EHE L.

CV r-31 & LHE L ORI, 7= I EP d4 % —{f £~
WE Ld DL tfFudovnsd 2l G2 R RHRHL, Tho
k& URIEREB bR Le. DfFduvud EEESIT 77
L DERFEETEELTLIBE L, LER 7-2 N2 3E
GMIL =~ LT aayay i L. EP da0-u & £BOKEIC
EOyud AW, &L ory-2 & DM Coue-uF &M LT5
SAERMEE LT 5,

4.2.2 EESTFTHr—7 ALK

EFEEROAEIER | T 7—Ju XA TEZRAIT~ D FCRE, ZEERRO THiC
WE XN ABRERF~OFME E2EE L, WM "L 5o
IV e LTHER A ICHIEED Ja, v-2 I Eo 2EEE L,
F ik B ORERSDORIERME 5 XD ERHRTCND, LIE
SRARND T3 IR L. 3D B TH D,

ZEIERE & IR T r—Ju & OERICIE, EikhbDRAETEEL
TR TR A, i ks L Ok e -2 L OR~D
RO A% T D AREIRRMIE 77k 0 TV 2,

4.2.3 EFEB

ETERRRE X, IR - 4R225 AR - Hhrp s DA - o)
TARR - BR7eT AR ECRE A D o M OV R DARRIC I
ENENIEED b HDE CV - B XU DV RBSEH ISR, &
MR - ZR7L0 AR CIT R b Avtote B BE R D, D7
DI LWERES LERYEL DL hof. COWHE, Pilie

Avtoe DIH, FELAHIC DT~ BET L 7R, VERO RS,

EHOERE R ERnb, FELHARE L, 2OTHTHLMLY
swuud 35 REEE AL 7.
A TR, oy =2 I Eo 2 Lce THIEE
MOFREN S X U d-0 Fit% CV i | & BT, »oli—E
£ 4.3 KEB T r-JL 0 K

Component of low voltage drop cables.

O W # * fi# % mm?

#i VALY Ve | W@ | N Gh
504125 325 325 100 100
25475 200 200 38 a8
10440 80 80 38 36

TIF L = L 3EHIK

CmL Sy b

®4.5 BIEZSOEBE M@

Low voltage multi-core cables.

894

AR e B TR SN BEICD, FEK-EELRY
CEHREELTHELLDOT, ZFHOMBIC X > T LBOEKED
BRNE ERMEE L. (BHLLERO BENAGERE 4. 5 1OR
FLE T, BOOGENREES | FHE RN - 5k BT D,

4.3 {BEERKOFEHE

(B FE SR IC T — ST s T e L 7 5, BFERRAS 400 R 2T
CEFAEEC 2 B HIIC, EREFEANCR 2 X BT CEEA L« 8T
LR LATRE AL AV, TORDICEFH 414 OEHICD
wT, SEIETERL & RIS B TR AT Fitk %, RO BER
HEE L B CRDTEL LERD B, dbDHA ba—d O L ks
T, COBEROMERELER L Thha\» & RN % LHE
CHECERV, TOebERICK RIS EERPHSGhE
TEERBE T, ERE-TEE EROBEBRELRS
5—75, T e WL CEERS CIERR 4.0 k% ko 3 ik
M\ieo % OFRE, Con HEEERO 44~ OSSR BO )
Hi% & B ORBY L O E S, ChbOEBRMERE D & IC/EK
U7t Eo B0 d1-0 Fte B 4. 6 WORT . [HiC B {mEs
DIEEF T 2 7o L S BATE Lz 100 - 200 A £a-F DT
R PEZL TR B,

B ETHO R #1TAS K> TR B 4. 7 0k 5 M
EENB—DOD fa-u 2EL, Hx QI CEMINES 7 BHO
TR 2 I Lico € DB DV O RIRIEHEIC I \» TR/ NI
TEHX 360A TH h, (EEHRHMOVV-1 0D 30 m KT D HHKE
Hirksy L600 A T o7 (50+125 kVA ZEEERD & &)o

10,000}
60mm?
3Bmm?®
1,000 22mm?
14mm?®
3. 2mmep
—~
7
=
X 1004
10k
v
1 . \

I3 1 2 : i A\t 5 I3 1
50 100 200 300 500 1,000 2,0003,000 5,000 10,000
EO Y
X 4. 6 [iE Con EEEMD da-U Bl e ta-A D
Tt ki
Damage characteristic of heat resisting vinyl insulated
cables vs. I-t characteristics of fuses.
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J MOWV =1 ev=1l oy, .
Cl . S o <
(A} MW T e N

T 30m 3 . .
X&) ST OVY -2 50m

!

Loy 20m
i
H

o
(D o
DY 20m

Tp FEL(50+125kVA)

K SREEDER

® @
B 4.7 % 3t 38 30 B B
Test circuit of protective co-ordination.

N % b LICHiA BE Lk, (SESRRcoEiEg 3. 4.7
ROLHEBRREEMICAI L7 L WissCRI L, 202851054, 3
AR ETOERICH LTI 4. 1 B0 IEFEICERS Lz ba-d IC
F D REET B ARV X e $ B B UTTH ORI

o

Sy
,
{
{
:
;
X

R 4.4 BHEHHERBCHEE L 2EM v—JIu (47 mm?)

Applied wires or cables for protective co-ordination test.

i ikl i k7 19) H \'% i W N i
BEOIE g & MOVV- 60 &0 38 38
HAG LAY MOVV-2 38 38 38 22
WAslAgg | CV- 150 150 100 100
FURUT N £ Cv-2 50 50 22 22
51 & 8 (a) DV 22 22 22 —
gl & (b) DV 3.2¢ 3.2¢ 3.2¢ —

Rt ohTws, BB EORIHIHCH L TEE 4. 4 OF
MER 4. 7 O X5 Icgige LS BBE TR, BREF - MEcst
T 5T B 1T - o

AEHTIT ZRLEICRE IR OHITHES - B - b - SRR - Sk - D5 - FEF - B 895
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Lightning Arresters for Distribution Lines

Nobuo NAGAI - Shdji TADA « Hideo MISUMI

In the protection of distribution lines from the lightning hazzard, the design has been carried out with effective application of

lightning arresters as a nucleus of the function.

Mitsubishi has had copious experience in the manufacture of the lightning arresters of all kinds of rating including those used for

power stations and substations since the first units of the kind was built in 1930.

Of the latest topics related to distribution valve arresters the report is made about those of three phase cluster construction and

provided with epoxy molded casings developed for being self-contained in 6.6 kV transformers, and also about various arresters to be

used on 22kV and 33kV distribution system.

L& A #° &

PR OO e, TR T AR e (W 39 47, 1l
ThIF) ASFETIE TR, RERRRO K, RN H % O IChiEf T & hu
Twn5,

T X IBT 5 AR W A kAR SRR A - SRR R ERIC,
WUR T L3, KBV TR 2 & U A 7 BB i % BE A
LC, (RESHOEHTH 5 IR O BEEE R VIR LoD, %
TERCTEMERIC IR b B L 2 BEE R OBRSE, BWRICHNZ W T
%o ARICTR, BEOFEOHRD 6.6 kV ZEERPURIIHER &,
22kV . 33 kV BIFEHMEmRICOWTERT %,

2. ZEEHMEAEER

HET OB REOMKIC & b & » THOEMSR L ¥ 3 ¥ T Ekkag/
WALAEER SN, —HBAMRCREREZZEREWD L 220D,
R WA U 3 3 R b—Befb AT, HEAREEEE
29 0 W — L L TR0/ MEAL & (REEIROF EEhab 5 T
LRELbNBAR, HHADOMERY 2O ¥ AT 5 HHTRING
WARBELTR L, CORDIC 66KV EE LZERNRIACHTE
BEFEAR R BATE L oo

2.1 ZTEXRCHEREAETS5E0MER R

%< O WMBAMERL BIMERZ FELADDTH T, R
() T RO RO WTE Y, TRGETIHREICIRY b s
(2. 1)y L7ZAi->T, ZEEHICPIMLES LT LEERLED
HHEhERFICR L, FERFBRCR oD, T—RERN
W L A BRI EEROMPMRA 5 A L OBRED 5,

T D, EERPRAORERR L LTH,

(1) Ji—, L<BiRBECR > T hBBRSBERRELAVLS
g EE Y FT B L,

(2) ZEERR avo WTHINEMERZE{L LAV &

(3) ZER sv0 CANBDOTHMNETHB T &, L biliEdk
TBICH o THHROHLD R &6

(4) FH b SBEAHBICTERAVDOT, BEWEOLDOTH
5T ¢,

REBRBETH S,
BEFMERI EDOTHMTH Y, B ED45EMERNET L

896 * GAFAHGVEDT

2. 1 HUHEREER
Conventional arrester.

2.2 ST
Three phase cluster arrester.
B C AR IIC B P CH B, DLW, TRty B
R LTSS % — R T 2 R ZERAL, ABICREIERGLED
INBAL E T 00T & FMTREIL, BtREAER X 7c LV-
GMC B fi—fEdEes (H2. 2) #hf Lk, cNkSa=M
— R TR AROREARER AT EZ LT, FICRRME
Bins L d SNE=HE b HAREC R 50T, #ECH e
THRE SRR SN B,
ZETERR IR R ER R R DT & LT,
(1) VB RREA & DOEEZT 5T DR,
(2) WeARABRRER O IRRER T
(3) REFEBPEREN D,
(4) WEhOEREECRbARV,
AR AVREE LTHT b b,
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2.2 WEBLUHRH

2.2.1 # &

X 2. 3 BEM—FRRBERONRESE L LR #eud F
DEE TRty BRI - Fyod 2 T RICAIBIEFICE 2 A
FA, D o0 AREAEWICHBECESEY REEA VLS,
T e SN X BEENAS ET LT GRS b S kO
k5L TH 3, Lfcﬁio't, ZAHOTTE AR O s BEE 2 &

FEITE XL, Hikod 0% ZHEHE L a0 B o

M o

2.3 LV-GMC TR psiphic
Inner construction of type LV-GMC arresler.

,l

2.4 ARG N

Three phase cluster arrester.

INER KD, Thbh, WAObOTE, FEONNBICIIEER
KT BT OBTEAEINENSE DT, c@%ﬁmﬁ@éﬁﬁ#
%%ktb,cn%%wiiEﬁMﬁjéa TR M-x2®
@EK%LT%@?%C&K&D,Mg—lw“ﬂS DB T
Wit T ek D, SH—FEO S ERIE AR £ LT
T HE v,

Lnd, ZEERRMCEAIRD X 5 i iGiHe
FFCROEAETRETH Y, BERE S AN
1m¢UWK%b5C&#?*kO

RO FL BRI\~ DT
A LTCTEDONEE

AN E I LERELDTHEIIL , R D4
K”T“?%%UM;MMTJ? LR, BIEH LAY av;lf %TU}_LO)
M@#&mm,ceﬂm%cMumL&m%ﬁ% BlEIMLAIR S

LRI T AT ek (M2, 2), WERTSCREENS. L
Ao, EFRAEAD TRIBAERBROEFTIRENWT, T
DB MHHAHIECTH 5, FHHCIZEHC Y - BRI
, LaditRMicREL TS ity BlEZEAL TV 30T,
YOIERR IR IC 2SR D IR 15, 3 X TRZEIERRPIC L = WigRos
BRI 2 (HF SR B H O BHETICT L ThH KA 5 T &
ATE, WEMBIEHURE, ity PICEIETEDAEN TR S
OTRITNEBHIE A AV,

FHNANC ] BAFIEH OB 37 5B D AT b A, AR+ e Oy
U8 T oml TR, B OFHIE OMITIEA T — L « Wi HEC A -
THIER R LABEI, 10 SRS CHITE % i LA RS
FTEDORBIELTwE, L7 - CRIFBD b D #iz O %
ZHTNE, U WA CER 52 255 LT b ERMA I A
LT E 572 v,

W2 ATHCHE LC i, BT AERAS B il U T b R R
IR T C L AavaS, 195 mm FRE O ¥ (B & &R
aup LOMICL Y, 1700 BIFED 28-2 RHIEHD T AHHET
5,

CREERED D ODIFL AT 2”-2 & HilkT 5 & #71/4 fDva\:’f
TH Y, ZH—IETREROEIRNIRNA & b o T/NBLICE ST
5HDTHLT ERbR DL,

2.2.2 ¥ #

C ORERIEE, TEC-156 (1 HEl LHWE X 41 7 AR Tt 2.5kA
OFEIIRERITH 525, ZH—FHEEER LT T L, AHRIC
hy BlER AL TR c A DD, ERERCAWEixDF &
Nz iz <wd. K2 1 Rz OREBERORMERZRTIOT
BHoRE, PMCKHLTHFaABIERFLTRE e Bbhd,

X, PEMEEE LT, TD o952 OREER-CIEYIH T D 300
A 2s @7, 3000A 04siBRCHL 2@29cA{, 13kA 02s
ORI LT H RITARMEZATL, WO ZECTLDHE &
> TWnbd,

F 7, BRI L CRERR E > {HINLTwAnT
Lk, auo W AT BRE 2 e bE ok AL, T

% 2.1 LV-CMC Iy Sarsskatiy:
Performance characteristics of type LV-GMC arrester.

RRRE | wman | SEsle B R OOU W T E KV crest R T IE KV crest W oW &
(’T%ﬁéﬁ') ;f'mgrni RoE 1007 0.5 s 2,500 A f 5,000 A |dx 10 ps HIEEALH 2 [ 2ms JBHIMH 20 @
k\7 rms k\/v TINS l\‘\/ rms N i o 1
Bkl oM i B | OB R W mEE | B b BLomeeniE | MM G0 REGHREE | BB GG | RN
— , ; I
8.4 6.6 12.6 3BT 27 38 LT [ 31 1 33LLF ; § 33 ] 10kA 1 65 kA 1 75 A ; 150 A
T DHLEE FIBEEE S « AH: - (B - =4 897



Tl RRSFHARE T 5 L AR, (REFH

w3,

2.2.3 {RHEMERE

BRI ZESICART 5 C &Ik D SEEA™ L, MELR

HWRMEFCTE B, —AEIC, WARGEHER L RSB DAL T 2

&, BAWE, BREIUHOEBEAYICLY, BERTEELL
DEIEV, FO BB 2EEV, ke RY, -3 £AM

f‘oiff;ﬂfﬁ‘u?"i; DFRHCH DB 2BEV, &

SRR LDILT

X
Vi=Vyt2-U- 5

T, CRABOEIHL w AT (KV/ps)
Vi 48 ORI () #IE (m/ps)
X - HEREEEHE (m)
THEDLINLLD, R U=200kV/jus, X=10m & LCh, HEH

FRCHIR S 2R L D #9 13kV B WEERERCHmEh s T ¢
5. PITREE RO 55 T HERIEN < X 2 BIE LA ’5:5&*}1

%, BRI BEROM TR M UELASEmEhd C
Khd, 2. lcihd, ERABFICEEBCEMENIELR

21KV BEETH Y, EEZRO 1o T 60 KV i3t LT 45% &
Y, FhOTRERBELLHET S,

2.3 HEBER

COMEREITZH—IEB L LCR@ar iz, EAHHC I

+u BIEZ ALz LA EIC L), JEC-I56 i b Tnd L
WcHlix DRI L, (RIEEE - YhfES X U REeERTER Lo

2.3.1 anr+EE

L N U7k c iR e A58 a0 Rl idy b v

T, Tfty BRI BT A ki & SEIE o0 (P o0 2 4 ks iR
Tiik,

2.3.2 [H%IbHEER

SEIIRTED BB AR BRI 2 80°C L | (&R 0~47C, il 82
~86°C), IRFEIIRE 15 43C 3 9ron #8 D K& T Bk 2l L,
T D 63~68°C OEHICESIC % LT 2 FHft@%, chi 0~
4°C 0¥ «@K@szmeMﬂT5f$A%%kubk# NS
&b b AL, HEHHOBEIFECELEZEED b AD 5 .

2.3.3 BhEMEREEER

EEIER 300 A 25 3 L U 3,000 A 04s DF A iC, PEEEPAEO

THEREEEL, ZHE75LY, EEAER 181KA, 60 He oRI¥cHE
ﬁ,:WK%E%WWLﬁ%ﬁfﬂmmﬁ%%ﬁfOQM%ﬁLT

AR ORIRARO EH MR TR L. B 2. 5 i HERE D MRS
RTINS, BEEXERCHELARRE > BFEORAwT LR
bbb, Ak, B LHEEBRGBC O FCAAL LD ZELEHEY

21e)

%= 3.1 22kV, 33kVEE

® 2.5

ik e e 0 181

Exterior feature after pressure relief test.

4 I .

= Mg 38RV o FE

= x &R

|i{

A —

@ 3 I~

= I 2 T ve T

2 ot pki Liz.zzkvI
Ey 1 Z 3 ) 5

e (us)
B 2.6 LV-GMC Il g s bl B A FE— I

Sparkover volt-time characteristics.

Nahhr ok
2. 3.4 HfeEBRE
FE#E AR 1200 A, FEJE 8.4 KV O BABREIK IC BT #E 2 Z A & % I
#EL, o5 b 1HEIIC $—3 R % 8 L’CHQJVF-“}HJ?;A Bk d2hii L
7o s, TR FECTfEL < B 2 il L.
2.3.5 VU8B
WEmMONME 22 1 L TEE W, Bl L CHEEERR M Lk

2%, 22 R EBAHBRILOL LEHD LT, 2. 6DL5(C
Bl V-t f BT 5,
3. 22kV . BKVEERGHETSE

B A S E A A D 22KV - 33kV KT W E I, —HTR
ST BRI - D D0 B, THEREOH— X WAiEiTiL
EERTELIND ETIC R 5> TN,

BEPE L LTI, JEC-156 Hl%ICHEL L7 AR 5 kA
BEU25KA MERIEAMBICRD EELLN D, DEFICHY
TERFMBMEBRT A THLBHAEHE OO TH S,

3.1 22kV.33kV ﬁﬁ%&ﬁ;&éﬁ%‘é@ﬁ%

3.1. 1 BEROEMAES ERORE

22kV - 33kV EMOBEZE L T, SV-GHIE

T 28]

BE

o~

5kA frEw L LV-GL BATHHER f‘LZSkA BEEERRD 2 AR
L<kh, BErE3. LICFRT, —iciEMAMERE LTRA

PR 2.5 kKA BRBAE T w328, 22kV - 33KV AL

1SV-GH I ¥ & 0" LV-GL ¢ &Rk

Performance characteristics of type SV-GH and type LV-GL for 22kV, 33LkV distribution lines.

N B | HER L Mom % E . .
. SUER O e | RSN = . B O® w R
B % (1R ¥ l/:\td ‘rl;ns N ) ESET | P ?\V cr?st N 77{( kV crest LT
kA % £ KV rms | kV crest | KV ImS
Bk 100 % 0.5us 2.5kA 5.0kA FUHC < W o

28 FEEEEI 23 150 42 %0 103 85 100 4310 s 2ms
SV-GH & 5.0 - EA 200 A

42 SA R 34.5 200 63 135 155 128 145 (F£ 315 20 T8}

28 AT R 23 150 42 105 126 105 — 410 s 2ms
LV-GL ¥ 2.5 —— 40kA 150 A

42 ER et 34.5 200 63 160 184 160 — 2 fa 20 [ii
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200

T 42KV 2.5kA %
180 iF 4210
160

” . ° A2V

)
.
h%]

BB 2 TOEY
B 3. 1 LV-GLIE B e B AT e R
Sparkover volt-time characteristics of type LV-GL
lightning arresters.

300
200 A
[N 42KV 2. 5VA B E SRAEE
< 150 o] KV SkABES
H
£ 10

70

0] i 1 1.l

1 2 3 45 7 10 15 20

KETH (kA)

3.2 LV-GLJ¥ R g IFRTE i sk
Discharge voltage characteristics of type LV-GL
lightning arresters.

40mm"; THY — K48
% %;?&W'lw% zgm A 135.56L0F)
S EAIT SN B,

& ﬁ17/l%éﬁitf
ST TH 5,

FIRARKRABE £ € 53 L,
FEOLA 1Y ’é‘!i

A DREAR~HEF 3

SHIRRA B TERRLE AR (,

Ly RERIERDEHE T 5,
BEA—Y

.

HBAWE

5 R uEETHRET 2
R i h 5.

3 w3
_F ~A0mm*F T Y — [ 48
TN PR T <$*%i%{3\f;t5 SELUT)
st * LiEmtiran s’ )

3.3 SV-GHEB XU LV-GL ¥ 4- AL T HEE SO REkEE
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Current-time characteristics of isolator.
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Type LOE Ground Relays for 6,600 or 3,300V Lines

Kobe Works

Hisashi AMANO - Tadashi MATSUMOTO - Kuniyoshi HARA

Ground relays for high voltage power consumers have been produced based on each manufacturer’s original concept. In their opera-
P P

tion at the users’ lines, however, it has often brought about problems on the protection time cordination for ground directional relays at

distribution substations of power companies who are in prior situations of the power supply system. Also there have been problems

caused by the lack of unification with terminal signal of relay equipment (relays and zero phase sequence current transformers).
To settle these troubles, JIS C-4601 (1968) was set up in Aug. 1968 to unify the related standard in this country. On the part
of Mitsubishi the manufacture of types LOE-4 V-R, LOE-4C-R and LOE-5V relays was started from Aug. 1969 to meet the JIS stan-

dard. This article explains how to operate them.
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Charging current of BN cable at 6,600 V, 3-phase.
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- Vector diagram of the charging current to earth on
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fkE s (LOE-4C-R i
JESMEEEC) Type LOE-5V ground relay.
Type LOE-4 V-R ground
relay.
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Exterior view of ZCT for type LOE ground relay.
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Block diagram of type LOE ground relay.
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3.4 (b) LOE-4V-RIE ikt AR
Internal connection diagram of type LOE-4 R
ground relay.
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List of standard type LOE ground relays.
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Wiring diagram of zero phase sequent current transformer.
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Example of residual current characteristics of type
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Example of temperature characteristics of type

LOE-4 V-R relay.
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Dry Type Instrument Transformers for Metering Service, Type PO Series

Fukuyama Works K&z6 MITSUMOTO » Tatsuo ONO - Yoshiaki FUJII

Nowadays it is a strong desire to improve the reliability of apparatus used on distribution circuits. This has brought about a trend
of using resin molded type instrument transformers by power companies instead of conventional oil filled type ones because of high estima-
tion of the reliability. Paying attention to this excellent character, Mitsubishi had studied and developed the molded type machines for a
fairly a long time since the epoxy resin was introduced, and was successful in sending the products to the market in 1959. Much im-
provement has been made for this decade on the materials, their blending, manufacturing technique and shape design. Now the Company
has completed a molded instrument transformer series of a great variety. This article describes the outlines of type PO outdoor instru-

ment transformers used for metering service of electric power companies.
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Effects of various fillers on thermal shock resistance.
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Effects of various fillers on thermal conductivity.
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Interior view.
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Type PO-6 H instrument transformer.
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Type PO-6 R instrument transformer.
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List of type PO series instrument transformers.
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Type FLK Current Limiting Fuses for Spot Network Receiving Systems
Itami Works Yukio IWASAKI - Hajime NODA

On the low voltage side of a spot network receiving system, it is very necessary to provide small sized circuit protecting equipment
that is capable of interrupting extremely large short-circuit fault current with a very high speed and yet is possessed of ability to suppres
the thermal and mechanical damage of the faulty circuits to the minimum.

To meet the requirement Mitsubishi has completed the whole series of protector fuses type FLK to be used for spot network receiving
systems and also that of current limitting fuses to be used as take-off fuses having the rated voltage of 500V, the rated current 500~

5,000 A and the interrupting capacity of 200kA. This article is a report made on them.
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5,000 A, 4,000 A, 3,000 A, 2,000 A, 1,000 A, 500 A) B 2.2 Ea-AUus WIBHE
Type FLK current-limiting fuze 500 V, 500~5,000 A. Outline dimensions of fuse link.
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X 2.3 FLKJE BRI a2 O pAishs
Cutaway view of interior construction of type FLK
current-limiting fuse.

0 9

X 2.4 ta-AzLavh DB
Shape of fuse element.

2.3 bEa—-RYroois

2. 31 FLK JBMHT baX OPIEHES 2R T, #HEIC ey
- BiCd ChvctifgR b DR ITERUB SR O LT3,
ZOPMIRICE B 2. 4 1CRT X 5 BRI G Lc BT R FHER b
DHBHMD ba-ZTLvt ZITESEE LTV 2, TD ba-ATLA
vb DA, JEIEIE LT St aE D) % FilT B i
B DEMELT Wi (SiO0) B+ A XN, TR C
FEREWHIIN TV 2, FhAMEoREE & L OB ORREY «
a-Aoo WICHED, ta-ZYuo DEWIENBICETR T oG 1o
Tnd. COBEYFER st OEMNC LD 21202195 BTk
S, ta-AYoo DEMEBMT I C L TE S,

FRBLEENTH 2 20, BHOBAMER T AL o211

Avh IHII TS, Lis L, WEFSHILC taRTuAu T 25N
FEIMT 2 &, KICHIETHICH KX ABRAHILCHAR L, Whic
X o TER a-4u b 2589 10mm & RH U O e F% 172
5

WS ETHERL, COWAVR ILAvr OEFRESE oA 25, »
DWBHEM La-X LHINBZIDCTHSB, b L, La-ABhdhork
BECHN B AR A DK & RIEEERE, 7—0 EHCHIE LIk
WICHHEEC L » M %274 5 @ERFME b 5,

3. &M R K

FLK JBRG ba—A 0, FREF & & 2 3 HARER LM AINA
B (JECA67-5) T2 b 4w bo—p S ML KT &, T
FEGIE 23T 2 BREE ta-A D% JIS C 8314, JEM-R 2040 ic
HE L 7,

LB i3

4.1 SRS

M4 licchzid, el ta-A ICHBEHEM L L ¥,
ba-ZTlxot DUERZEEAIEUTICE XY, oA B
Ao DIBHE - 2L A S HEICHF T & 28T & B R —IE ol
EIRTHDTH D, &I, ta-L DRNRBENZET 3 2vic
¥, 7 < OERRIFFARNE R ZIE LTl n b v,

4.2 TigAMRER-ERE

FLK JZRRAE a2 Dbt 2 @ 4. 2 RT3, € DKk
HOTHERTIE] IB434EL, 2 ABICAEINL Mafivt Fubo—p
TBRIE R AR TECA67-5) y iS5 %, #iL st
LdDTH 5,

C DTIEMIRL, Wi 10~30C IKp T, ta-i KHBH
COEMENT RTHE L L & DR & THEEERo NG
RTDDT, ta-Z DBELTH LMD LD EF Do b DL

8C0
cool 1,000 g0
400k G00F
g%‘ 400 1600
2001~ s
200 6&3[5830
10F g 100} W
60}~ 80 200}
N &0
40 L .
40 3«,-33\
L 1,094
2 0, :o;\\ §
> 10 1ol BoWA T
~ I8 z Cg 20004 4
o &1 3,‘,3:\\\ k —~
e £ 4f \ =
1 —O 3 1 . =
YN Taoe
0.6/ a6
0.41- Q.4+ o,
0.2 sl 0.
Q.
0.1 0.1
~0.08 Yo 08 0k,
0.06} 0.05- 005l 008
0.04} 0.04 0.04f
0.021- 0.02+ o 0.02
ool 2% VN ML ST LS S VA W A VA L oor 081 g
0.70.40.8 2 46810 20 406030 0.20.40.8 2 46810 20 4060100 030408 2 4550 0T
g ‘& H  (rms.kA) % 9 (rms.kA) E E (rms.kA)
g B 4.1 AR 4.2 TIBUET R B 4.3 4L WBi— st
Short time rating time-current Mean melting time-current Total clearing time-current
characteristics. characteristics. characteristics.
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Current-limiting characteristics.

[ HE fﬁLﬁ

F 4l ok E Lo W [Pd 2 S W [P
Maximum total clearing [i2d¢ and mean melting [#°dt.
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xo
107
- &7 JERsVSEN
o7
= ak
5
oL
-2

. T
1 2 4 6810 20 4060 100 200 400600 1.000
FEEL ETER (kA

€ 4.5 4 L o W [2d ¥ {F
Maximum total clearing [idt characteristics.
ta—2 EHl LMY
T OBMEEFEL Y.

CART . T ORI
Tl AR & L o Wi

IR A R 4. 3
ThblLeWIhdx
(2)  BRERHE:

B 4. & WCHRHIEE (R RSB #RT, Zhid ta-d
O L « W I B BHIER L« MU & 2 05 KRR o BR
BT b 0T, BEE tad RO RN RRETD D, Lo Bidl
Wl B EMEAEY oot LiedOTH L,

(3) LM [ide
Eacd LoBiso Lol [8de WImaE « MR - mE S

BXURRHICEYWELD

L3 L mas

ik

5%, T T THIH

e | W M@ W fide BASL oW fitde

© XA (A=) (A*-s)
500V 500 A 0.64x 108 3.5%10¢
500V 1,000 A 1.54>10% 7.9%108
500V - 2,000 A 5.32x10° 23x108
500V 3,000 A 9.63x 108 35%x 108

4,000 A} a6

500V 5,000 A § 28.3% 104 78 %108

MBRARIE © 1 500V Lo BiEH SYM 200 kA

b, FDELDEDOMIAL LT, FLKIE ta—A & HAMRE:

DEFET £15 % E RALL TV S,
4.3 L B
(1) 2L Wil — Rk
I KTAWT IR 7o IR A 2 4

Eit—HE s Lo WF TR

F 4.2 FLKIZ R a2 L < W

65~90° JE#% 1158 0.15 LIF D &Hc s % b%}{ﬁ??‘ﬁ%ﬂu*?ﬁ)fa, ar'(.
BRI f5a—g & L THREHREIR L » Wi P O i

Ho HFOWEMMSE, L oW [#dt DIgKEE Jowt bfc#‘ﬂﬁihﬂl
MERE 4. 51CRT, B4 LICHERR L ol [8de & PHiRN [Pdt

BT, T O [P 5 0L PP FOBUNSINIE 5 K 5
B KTAC, B BT B O R C R 75T

e Ko —MH

Example of the result of interruption tests on type FLK current-limiting fuse.

T S B #® B £ i 3 R B 5 B
Ak 3 1] i 53 ]
ep T ||t RE | BV e am e e | B e B__" S P
\4 A kA \4 * i KA deg deg LA \4 72 1 i 7 o~ Z 1L = BT
i | ™ ms ! ms | ms
1 500 0.15L4F 200 70 80 58 890 0.4 3.5 3.9 g
2 500 500 0.15 27 0 78 30 990 3.6 3.6 7.2 B
3 500 0.15 3.0 — — — — 0.98s 0.01's 0.99s | K
4 500 0.15 200 65 78 80 910 0.5 3.7 4.2 R
5 1,000 500 0.15 4 0 76 44 1,040 3.5 3.8 7.3 B4
13 500 0.15 6.0 — - — - 0.23s - 023s | R &
7 500 0.15 200 65 50 120 930 0.7 3.6 4.3 i
8 2,000 500 0.15 82 0 78 92 975 3.6 3.7 7.3 ROAF
9 500 0.15 6.0 - — — - 11s — s R
T - L I B 200 e -
10 500 0.15 200 48 8l 144 860 1.5 4.1 5.6 B
11 3,000 500 0.15 120 0 75 123 899 3.5 3.7 7.2 BB
12 500 0.15 9.0 o — — — 7.5s — 7.5s B
13 500 0.15 200 0 78 192 892 3.7 5.3 9.0 BT
14 4,000 500 0.15 27 — — — — 0.38s 0.39s | B #F
15 500 0.15 12.0 — - o — 21s — 21s =R
16 500 0.15 200 0 79 197 920 3.8 5.1 8.9 B
17 5,000 500 0.15 27 — - — — 0.36s 8 0.37s | B
18 500 0.15 15.0 — — — — 425 — 42s B
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Oscillograms of current and voltage across current-limiting fuse

(a) EHED 4,000 A, 500V 200kA O L s lii0ES

(b) EHER 40004 O L+ (c)

ENEEDL 4,000 A 500V
AR O X3R5 E 200kA O L sl 0XBES
M47 L-WalBigoEH
Photographs of fuse links after interrupting tests.
REWL AR E £ 4. 2, 4. 6 5XURAL 7 KFRT,
Lo BRBUT S HIMERTO KE N L« isRBH % 4 /A L,
500V 200kA ¥TO KER L Bt ET2 T -2 b DTH
60

5 & A

5. 14T 2w b dw bo—o BEIFERER T aftw b 2w ho—o Y
La-Z WHEHBREICE D, Josoata—L (PRF) & 54047 bam
2 (TOF) O 2FED BHRH B2, ChbD tai IKEHEHD
FLK JEBREE ta-2X 22 5. 1 KT,

(1) Josoata-A (PRF)

70708 ta-Z &, 3w P00 30502 DEED Lo IFEEE 2010
-7 FHARTIC L« B85 & BAIICER S 1, Jo5oa BIGRO(EER4EE
HHMORHH, BIT 2vio-0 EERONHIHLLEEBRO TR
file Josoz MiCET 3 EEHIKT, *DOWEFR Soss2 D Lo

R bt bo~2 B FLK 38 BRFT ta—d - 205 - BH

—R7 4 =X

ey e
14

F ]

BiEE A

Ny g
NN O

BN AN
g e oy

K51 afobtrwbo-—oBMiEHEK

Example of skeleton diagram for spot network receiving system.

% 5.1 FLK BB & ba-2 388 i 3
List of recommendable type FLK current-limiting fuse for
protector fuse or take off fuse.

Gah7or | ER G | w7, GITERT 4 7 4>
TN ﬁ RELE g 52 MAT‘*’J. i fwgﬁ
500%2 700 910 1,000 500, 1,000
1,000%2 1,400 1,820 2,000 500, 1,000
1,000x3 1,400 1,820 2,000 5?0601'000’ 2,000,
1,500%2 2,100 2,730 3,000 3?8601'000’ 2:000,
1,500% 3 2,100 2,730 3,000 g%)éo,l 3050 2700
2,000%3 2,800 3,640 4,000 g%jéo,} '2?850 2'2?860
2,000 4 2,800 3,640 4,000 gogool 208002 20&0

BHEEUL ECREBEORMBREFA L LTHEAZ RS,

(2) 51947 ta—A (TOF)

FAOFD LamR &M, R bo—g BERA b T B BRR O ST
D N D, BIRLIECOERIHUIT So7or ta—F X D EL
BEL TR RT3 2D AN S ta-d TH B,

6. & F v

Lk 2w b 3w bo—g ZER ARG ta—% FLK 7% 500 V 500~
5,000 A ICoWTHEMA Lico 48 afiw b 2w bo—s TERIKE L S
T, ETETCOERR ba—d DUBTERE ZToTnT & & E
5. ABERCEBEDS A LOBEF a2 2 T T CHEHE
n,

T E X B

(1) =W, bk, HEF(RE) - ZZEEE, 34, No. 11 (#5 35)
(2) =l XH : ZEEEEE, 41, No. 11 (5542)
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A 44- 1-28 864008 | WM AVE-BAFE | BELIEHR
TIFRE IS D AL 44~ 1-28 864009 BW Ak -BOHE  HEREHR
TS O KT IR 44- 1-28 854010 BMAV - BAFE | BREIEDR
IR HRAR O W D (0 S 44- 1-28 864011 BMAE-BAFHE | BERER
THRAE IR 44~ 1-28 864012 mABRE-FE IE TSI PR BT
BHIEBR 44~ 1-28 864013 FRPMRIESR - B2 I 15 BB ER
TR FERERAT 44- 1-28 864014 TT N S B 8L P BT
EaRCEIVIES 44~ 1-28 864015 BH #F-RKAEHE i [ A T

APFIETE - & AL =
PRig g RO FEEE 44~ 1-28 864016 {/ SIS I 26 FE 4l e BF
A E-ERAT

Al ERE 44~ 1-28 864017 WHFR-BARER ¢ 3 LR BT
LR R E B0 wk e 44~ 1-28 864018 kFER-H R & e BT
B R T fEAa R 44- 1-28 864019 I N e BT
EHLE I HEaiR 44~ 1-28 864020 M= rE #OF e BT
259F SEE 4~ 2-3 864334 ELRE A W AERT

S 44- 3-7 865601 ft A B R 5 LR BT
B 592 44-3-7 864602 | HEE(E - EESEHE | GWERIER
FBLHOT 44~ 3- 7 865603 AL E-MERC & ) R PR
HBS R KRIESEE 44~ 3-7 865604 O R E I B 4 Ve BF
)| Bl e 44~ 3-7 865605 /NS VR BT
IEaR T e R e 44- 3-7 865606 KARE— AV BT
- BEEAEE 44~ 3-7 865607 76 M B -k T G Ve BT
- (R S 44~ 3-7 865608 B b3 [ VR BT
HHBHER R 44- 3-7 865609 & B B-ER OH O KMEER
Aty GOPTA TR 44~ 3-7 865610 TRA R BLER e RS B VR BT
710UR-2 44- 3-7 865611 KA MeEmE OB BERER
AR o4 EOWN LR 44- 3-7 865612 WEREIE H MR A B WIRDT
FTELR TR 44-3-7 865613 WARRME-H AR £ KHBIEDT
L AREEE 44- 3-7 865614 £ fh 7 P8R BT
B TRIRE O 1 SR AN S 44~ 3-17 866576 KT EEB B [ 8LV BR
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MK# - SK IR A v F

wOH R

Type MK and SK Control Switches

Kobe Works  Toshijo TATEISHI

With the prevalence and development of automatized and rationalized facilities and machines of the industrial world, demand for

control switches have increased a great deal.

resistance particularly against severe impact during operation has been made by all the users.

Also request for the improyement of performance, long life and high reliability for the

On the other hand, for the purpose of

installing a good many control switches on a limited space of panel because of becoming complicated electric power systems, super small

sized control switches with the smallest occupying area are coming into strong demand.

To meet the desire type MK switches have been developed for the aim of high reliability and long life.

While type SK switches

for the purpose of minimizing the sizes. This article describes problems concerning the above.

BEEF O, B BT, AELA ¥ OBWRFHICE Hhn
RED I 21 vF OFEOEFIIT B L L LD ORd 5,

—FTAD OEERE, RO BIME SELC D A B 2t T 3H
D IGMEEAEIL, PRI R X LB, b Mk O b g
AUD B 20T EBREO A EAEIL <, BRVERS DI L Wil IC 14>
it % & BAFG O W 2107 RERIND, h—, BEOCENE
HORIME, 2 b A SENRHOBM LD w, HERMRIC L
D& S OWE 21wF ZRHIZ 05 5 Bid b, ST X »il
ANEHIEE 21 0F O MR A,

SECNOOBEICT 22 5720, BEOKE, WG £
LT, BEBRIEE Ay 500 51, FE&UMA 50 KM A B Ui MK
T 2100 BNERIE 2107 % HELE Uik SK THIEH 2107 ©
P ZRIE L, BVE BB X UBi e 3T oumo e gL,
CTH LS PR L, LIFCOBISICh 7z o COELS, Bk
b, EINBALD 7030 DY O FIRE S 35 X U3 RIC D\ T4

J .

2. {HRS SUER
COWSEIC B e - Cht, TIRVERS OTHEIE | MRS D 1 L

£ 2.2 MK, SKIE a1 w7

VRAFa | THESRD SBA S A R BEMEEL Lk, 135
W, BRI, THEEEE R0l L b > AR oL K
& Lico EMEOIHE#HERL >T Ly 5 ) BFE o-5
REFH U, Bl -1 F WHOBIEMEOSECH 7 > TR~
M BhERBE T\, RBFREBHO 5 s %
WEE Lo

MR & LT, e 2 b oA Sic X DA 0B, Rt

®2.1 Eh oL B
Ratings and characteristics.
wmpE | EWEH (A BUE Cigiis )
® 4 EUR MR | v R | omam | Bof
V| 03~ (mﬂ) (A)
0.4 8 40 mg
48 - é
110 15 1.5
MK 20 JIS-C4503] 1811
220 10 0.8
JEM-1138
450 5 —
TSk | 10 5 0.5 5 1847
MK 500 H1E1 L I
B R M & &
SK 25 FEEL L
FRMEHO 5 HIKA, THL«Bic 50 5H
TR ME e LU *
wo A e IR A, THEL << 5 J7EL
BISH L+ WigeR | MK - SK | SRR AC 10, DC 44, SA L«

Type MK, SK switches.

i /o F I 90 sy F R 45 sy T 80 BB -3
1 ] 7 12 3 73 41 2 3 4 2 3y P 33y 234 1 345 23436
MK-T ¥ 1—*——3 514 1—51/ 1514/—5 1 N 501 l/ 5|1 N 1—“5\257 1*7 z2-~17 A A v F
d 5 D | 87N NN
12 2 3
MK~C / / N / 2~7 AT > Y
o2 2 102 3] 234 2 %4 2.7 4 234 0 23 4
- ¥' 14'_“ Il BTV N 511 N s 15 )0 5 / 26 YA AL v F
SK-T ! 3 \5 .!.\"6 B 5
12 R AT TN T
SK—C / A" / / R Y LR
1/3 AT TN T
B 2~6 FRARE AT
SK—P2 / ¥ / / ALK T2
V7 / / ATN T F—>
- 2~6 RS BAT
SK~P3 / 14 WLk P At

* WA
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A o

JIS-C 4503 A TR R 2t

JIS-C 4504 BB O Uds ASUEEETHRT p
. JEM-1138 JERER N

JEM-1969 42(4)  #IHARE 2197

By aREE L L, MEWBHIE 2(wF ICDWCH, BRI
15 1 o B R, iR 500 J1E Bl - o {REE & Y S0 JlElL
R {REEC % B ERER L ED 2 . SKIEHIE 2 vy IKDWTH,
AR 0E 40 mm B 35 mm DBEREI KD K E XKD LA, X
COHENT I EOEETR ML, »oXE: b EEROEHAGE

B 2.1 ME-CIEHE s il
Appearance of the MK-C control switch.
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2.2 MK-T 9Ihii afus NE
Out-line of the MK~T control switches.
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>
of the SK-C control

- WFv -7 Out-line
¢ @&ty b AxrT) switches.
o ’
_:3!’6} 11 _j:f
[ el
L NS |
MNoes,
Hfth um/ e
AT W I ]
2-10RER
. 2-a5nER
9hER ® 2.4 SK-TIg §1hifiz
e ! 2 3 4 2qwF P
A | 715 | 82.5 | 93.5 | 104.5 Appearance of the SK-T
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35 124311 216
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Out-line of the SK-P 3 control
switches.
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2.6 MK, SKF; i z1.»75 S48
Appearance of the MK, SK control switches.
& Lieihie FoWing & bs
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CHR =2 ETIREBWR Fow3 EHAETD L,
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() 7-0 TEWBRHRTZL52 R DoTDH, Pl r-

2 BXDEFEFTENR tpwT ORI TE S,
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() BUE ool BRI L LABWET VLWL 5 Jfﬂa%
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HET O R 3. 2 )RT L 5 ICT A DTS & L
Teo THBDPHME X2 2iCk )%HMHWUJM L, T
" REMICTED, PRTICAGT 2 M3, MimA T2, -k
¥R, HENE euoou—2os F 2 BB BT L e O
YRR b o %,

3.3 5Fz vt

#H I To-a BERIEER 3. 3CRT 5720 b B, &
RO FHER BRI L CF T e-p P B E Lz, Lo 5

MK 7 - SK B HI# 2107 « LA

I
5 il -;‘iMJ\ i,

3.1 SKIE ¥ azwt
Type SK contact unit.
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_—7—‘//1‘
1. TEPERT 4
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AN BEIEimT HRRIAT

3.2 o

Contact.

3.3 SFzwhbiZwh
Ratchet unit.
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HEHEEFTRCHSEDLERBERY BELIEL 2.
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A 100,000kVA/kW Generator-motor and Control Equipment
for Takane Pumped Storage Power Plant No. 1

Kobe Works Yoshihiko MORI « Akira ISHII
Head Office Junji YAMAMOTO

The generator motor described herein is a pumping up machine directly coupled to a Deriaz type pump turbine of the largest capacity
in the world. Starting of the generator motor is of a damper winding starting type, but to limit the starting input low reduced voltage
starting s especially employed with tertiary windings of the main transformer. This is the first machine built by Mitsubishi for a pumped
storage power station, being our largest record product as a self-starting synchronous motor. Prior to the construction, various studies
were conducted and the results were taken up to design the machine with meticulous care.  The article gives briel explanation on the

construction and the operation control system, also introducing the salient points of the operation results.
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A Weather Radar for Marine Weather Observation Vessels

Communication Equipment Works Hideo MINORIKAWA - Akira KOSUGI
Kamakura Works Yoshihito KAMIYA

Weather radar networks in Japan have been gradually enlarging their coverage, now extending over nearly all the country proper.
On the other hand marine observation vessels equipped with the weather radar on board are constructed year after year. M/S Keifu
Maru, built in 1969 and now in service for meteorological survey, carries a type RC-52 weather radar manufactured by Mitsubishi.

Described herein are the features of this radar as compared with that used on land. The most distinctive character of the marine
radar is a device to stabilize the antenna against the oscillation. One chapter is specially provided to make a relatively precise mention

of the stabilizer.
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Activation Analysis of Impurities in Semiconductor Si

Central Research Laboratory

Takashi TAKAGI « Hiroshi IKEDA
Kitaitami Works Yasoichi SUGIOKA

Electric performance of semiconductor silicon depends on the kinds and content of impurities in it and varies a great deal. It is no

exaggeration to say that the semiconductor engineering is the high grade technique of how to introduce the impurities in the material to

obtain necessary electric performance. The analysis of impurities is one of the most important basic technique of controlling the intro-

ducing impurities. It needs high sensitivity and high reliability. Thermal neutron activation analysis has been applied to the finding of

impurities in semiconductor Si as a non-destructive method ; it has been successful in obtaining the concentration of them, the description

of which is given in this article. The impurity elements concerned are Sh, As, Au and Na.
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Table of radio-isotopes.

~ . o oW » T b B TR . WO OE K WHEOFHE 2 DX F 4 F -
7 Ed s (%) . E
z A (x10-%4) (s-1) (MeV)
(K) (o) (T) M)
Al 13 28 1.00 0.18 2.4 min 4.8 x10-3 A :2.87(100%) ¥ 1 1.78(100%
As 33 76 1.00 4.3 26.8h 7.18x10-6 B 1 2.47(31% 51 0. 56(45%
2,97(56% 0.66, 1.21
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77 0.0767 0.085 1h 1.6 %105 A :0.76, 1.20 ¥+ 0.21, 0.22
1.56, 2,12 0.27, 0.37
0.42, 0.56
In 49 114 0.0423 61 48 day 1.7 X10-7 ¥ 1019
114 0.0423 2 725 9.6 x10-3 51,98
16 0.9577 145 53.9s 2.14%10-3 B8 :0.85 g1 1.31
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Na 1 24 1.00 0.5 14.8h 1.3 X108 B 1.39(100% ¥ @ 1.37(100%)
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2.1(69%) 49(1 %%)
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0.686
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69 0.9 13.8h 1.39x 105 8 : 0.91(100%)
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contained antimony.
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Improved Auxiliary Impulse-Commutated Inverters

Communication Equipment Works

Seizo TAMII - Yoshihiro TOKUTOMI

It is a well known fact that static inverters have many merits in the points of reliability, maintenance and electric performance in

comparison with the conventional motor generators. They are used in very many fields as spare power sources, emergency power

sources and general frequency converters for rolling stock, electric power station, communication equipment and computers. FHowever,

they have had a few drawbacks in economy and dimensions compared with the motor generators. With the increase of demands, a

desire has arisen for inverters improved of these demerits, consuming less battery power when used for spare power sources and being

compact and economical with higher performance in various points.

Mitsubishi has made studies and been successful in developing

epochal inverters to answer the demand, the hrief description being made herein.
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Improved auxiliary impulse-commutated inverter.
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E 3. 2 ICRt. COEEERIT t DREH XY L o DIRERITR
TELTV B, COMETRT IS OERE 444~ 1 Dy 2l LTilth
R BN BECIHETS eF LA bo LD oT it PHRT

b fohls

Z v 200 -OMEZE

b
///’—\ < N /
7 ~
, M %f

oy 2D TURER

& 3.2 HhJIREEOTERTE

Operating waveforms with a leading load.
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Specifications of standard thyrister inverter for 50/60 Hz.

#x 4.

3 400 Mz Jif 1o 5= FEMEfLER

Specifications of standard thyrister inverter for 400 Hz.

DC AHNM 90VA0O VIOV +20%

A om
W AC AT 16 100V Ak 3% 200 VE15%

A H i J22

DC A7 90/100/110V  £20%
AC AJIFE 1¢ 100V %7k 36 200V £15%7

SSI62-63-50 Y —X 100V
SSI62+63-60 &) ~X 200V

M7 E ZE R + 42 B
88162 i3 — X 50Hz*1 Hz A% 7z i 2:0.005%

" B 2 SSI163 )~ 60Hzx1 Hz HNE 71k 30.005%
T
B
B W wmwas suun

o 130% 104308
BORH OB R 00 pm
B W # % | o 0.95 18 |~ 1% 0.7 020
HE A NG — v | BREEECT 1,500V OF - FICH LRE v,

AC 2,000V 140
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H
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=
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(%@ﬂh%ﬁiﬂtl YEICEINCe® 5, XL, r’s'ﬁ)
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A T

# 4.2 50/60 Hz JH 4192810 A—2 BEES AL
Standard inverter list for 50/60 Hz.

W % e noow o
100 | 9 [ kVA) lrgepy A |
Vil | 200V Hi% (%HLk) DC AN | TH T b
SSTé2-51 | SSI62-61 | A=300 A=400
0.5 75 M 2. 2| B=480 2.2} B=480
SSI 63-51 SSI 63-61 = =
C=400 C==400
SSI&2-52 | SSI&2-62 A=500 A=700
1 80 [q 2.1 B=400 q 2. B==400
SSI 63-52 SSI 63-¢2 2 1
C=450 C=450
SSI62-53 | SSI 62-63 | A=800  A=800
1.5 80 2.1 B=560 . =560
SST43-53 | SSI é3-63 . 9215
C==450 C=450
SSI62-54 | SSI é2-64 A=800 A=800
2 85 2, 1| B=560 [ 2. =56
SSI 63-54 SSI 63-64 B e e 2. 1) B=$ 0—»
C=450 C=450
SSI 62-56 | SSI 62-66 A=1,000 A=1.200
3 85 [ 2.1, B=560 .
SSI63-56 | SSI 6366 @2 B21 B 560
C=450 C=450
SSI62-58 | SSI62-68 A=1.50 A=1,800
5 88 B 2.1 B==560 N =56
SSI 63-58 SSI 63-68 H2.1) B=5 0___
C=450 C=450
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Standard inverter list for 400 Hz.
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‘ THT R
wox la=250 | x| A=400
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B 7| C=350 | B 7| C=400
W % | A=250 [ & | A=400
SSI65-51 | SSI65-61 | 0.5 70 @ | B=480 i | B=d80
WO | C=350 | W 47 | C=400
®o x| A=400 |5 % | A=500
SSI65-52 | SSI65-62 | 1 75 4 | B=480 %% | B=480
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% % | A=500 | a5 % | A=700
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% x| A=800 |®% = |A=1,000
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B 171 C=450 | W f7 | C=450
A#D DCIav
@ BABE0H. 200V ¥ 1 v 2 1kVA
2201
2001~
1801
s
e S
s 6 a1
da %
H
T 1 T ! ' :
‘70 80 @ 100 110 12 °
ABBE (V)
4.1 BEZEEH=E, »FHE (SSI63-62TH 1ui-2)

Output voltage regulation and distortion factor
(Model SSI63-62).
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Efficiency (Model SSI63-62).
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Output voltage regulation and distortion factor

100 A /) DC 165V
) % Oz 100V 4 > 0% 3kVA
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4.5 SSI63-56 ¢ 1u)i-a O &REERIHITHEY
Operating wavelorms of model SSI63-56.
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4.6 EFEZHE, THE (SSI63-6171F
{ul=2, Tc LATEHN 24 V)
Qutput voltage regulation and distortion factor
(Model SSI63-61, Input voltage DC 24 V).
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Efficiency (Model SSL63-61, Input voltage DC 24 V).
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& Pictures showing the comparison.
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Comparison of outline dimensinos between the
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VA= XD D EDLDTLT UL, BHERETC X b 2R & 5
DRBALICETIT 2 0EREDH 5,

951



UDC 621. 372. 8 : 667. 613 : 686. 41

FEAMEBIC L2 ERETOMRB XL

o B EVRER® - YB B0 OB TR

Microwave Insertion Loss of Waveguide with Protective Coatings

Central Research Laboratory

Kamakura Works

Syojiro NAKAHARA - Kenji HORIKIRI
Motoyoshi OTA « Toshio SUGIURA

Recently with increase of the corrosive gaseous atmospheric contaminants, pollution and corrosion trouble on the components of ele-

ctronjc apparatus become serious. Waveguides, particularly used outdoor for the transmission of weak power icrowave like the case of

satellite communications, must hold the property of low microwave insertion loss over a long period, and must have good corrosion re-

sistance.

This paper discusses a new protective coating method of the waveguide, that is, a varnish treatment on the inner wall of it. This

method is better than the usual gold plating in the point of reducing power loss, weatherability and cost.

L £ & A &
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EAo ALY, WHWLABLC X IEROBERDIEHETE R T
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MHERLETH B, & CEHREERERE NI FEABIDL
TH5,

M EcH LT h, (kb NEOBAIC X 5 2170 EIREDOH
MEEXLD5h0, MrOEFEREINTRS, ki, HikE
P D FEITETEE « {L2EFEE - 0o E AR L DRER A IR TV,
oy AR RN & IBROEB LRI T E Tk n, » o FLHT
I, BEEL LR ERENE DI THEED - ETY, Do &
e ot 233 D, FEHEE Az o3t LT AR AT
EhRnS 2T, »fon EEAKREN, ¥, B ¥HIE, o120
0 IR DA, BRIKRE fiz & Y HALREEELIZRL T,
BRI T B B ENARD DO,

AHEE, cOX S ARRKCHLT S 20, oL TITh
TWw3 o= BEAMIC L > T, (e - ZAME Y i
ICES, Lid ofo0 WOBELHID AR T, Do FAMED D
BRI HEEIC D T OB CTH B, UT, 2 ETHE, #dhil
PR ST TlE TR AR, CoNEEREE>T,
HEICHIH XN T 205 & 3 & EE 0RO iEERICD Vv
T, 3T, Ak - EAB L EEL, ot 2 BIFUHIL 7
RS OHEERNNC DWW T, 4 B, ISR O B EIRO fEA
CONnTDOR5,

2. BREORXIEERER

2.1 ZEREORERX
— I & TV B TS TEw e-F @ 2120 SRk,
KA THELLN D,

952 * GREMWEDT(THE) ** SREWVEDT O FRBTsEDT

o ENC S
JL4Q)
T
K:4A343\//£§_1~7E
[Z24!
£,=8.855x 1071 (F/m)
4y =1.257x 1075 (H/m)
=S BOBRE (H/m)
g=%ROEEH (v/m)
a= i ED E
b= ED KT
=5
A= Bz R
rg=L+WiEE (=24)
ORI, S - BN E e, SEHEONER ¢

et LTrs, T2 1, SEEE: LTHbRE &HD |

SIROWES L EPFREIC DV T 2 B, HilERRE, WR]
4 (a=58.1, 5=29.1) DEEEHH > %, K 40GHz TOET
BB, COENLDHBD X SIC, F0LHAE T L 0.024dB/m O
BETH D, WEOMERTCOREDELONER TS C L AIE
HICHEETH 5,
2.2 HEEORKANERE
WipEoEEE, F2. 1 rbbhb i, FEHICIHIR, L
%= 2.1 AWEROLYEE L HRERK

Attenvation comparison of various metals used in
WRJ-4 waveguide.
==& R Comn™

Cu Ag Silver Au Al BR
WoOB T~ (90—10) (90--10)!(66—34)

WEHE (O/m) X107 | 5.80 6,14 4.77 4.10 3.53 2.57 1.43

1t (dB/m) X102 | 2.41 2.35 2.54 2.87 3.10 3.63 5.00

# %k o i 1.00 0.97 1.10 1.19 1.28 1.50 2.07

el Mk sy WRJI-4, Jik# 4.0GHz o#ig
W (90—10) HH90 %, MI0LDHY A ERT
wEE(90—10), (66—34) lXFDPD (3B90%, M 10%), (386625, il 3420)
DY e ERT
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WIC, B ERERECRlmEC & 3 AESE 2 e L, € O @
TEIEROOFR 2.1 LR 2. 21KRT, HEROAEEEE B35 & 4.0GHz

A, (DIREHBDZ S ok—%D 4-2249, (2)ERBEN
21, 2, (3)5UADHAEDEEE b2 DC f5ovar—a il
HLTw3 HTH 5,

BT, BB AR R A BT X 5 AT B e, Null 5] s

Null BEET

DEH Eo BIGRT B L 5K, frvvsa—3 RE ol T3, £0D& SR

FOR{E% R 2T 5, DF, ABKHNEHNEY 2S5 AT D, o

zDk g%“}]"“fZ“@@ ﬂ;l&w@}ﬁkﬁftwf\j]%j]ﬁ>wﬁ {%b E 2.1 8% J @ T m (]

7o, Null BEFH O Ss52 MIKIER S 26, HBE fFuvsi-2 Block diagram of microwave insertion loss test set.

R%&¥bH LT Null EBEROHFRE o K2, £DL EDREE
Ry b ¥5, BIFEIDHNEER, %-:22 CAHTS o100 HE
NO 2 BT S Xk 5 CRFF TN TR 30T, CDEFEEDH
JeaZRXTHLZBLRS,

a=20 ]Og (dB) ............................. (2.2)

DRGERFE OB O EFD LB Y TH S,

W s 8.95~4.05GHz
Pl 0.0004~1 dB
Sy ERE 0.0004 dB
IR 0.0003 dB L F
Eyo b 0.001 dB/h

APUELERE O S IFEERIER I K ad, SHRICHEDEE O I % Rl
T5 e 5uy ORI X DREFER A LS, TOFEE LT,
2503 MiChT ks 5 Londbhi, ZChbBEAENLLD,

; -
BT O R TR AT 2 C L BB L b S, CThb DY B 2.2 48 % e ¥
AR PRl T DI, B2.3CRT ISR vasbvs #ANT Microwave insertion loqs test set.
250 WDk L, BRI IEREE DR LAED, 2505
DR EFI2DCERA L 2503 3, 2.4 rd, (A 5 o 5 5 [J
W Avitosuz BRI, (2) 2503 &b fizrwt OHREDE A EERNNRRENERENEE! R []
BS A 5509 PRI, (3) WED Avbosuy T, % 572 fiay L___@ 3 o i1 []
wh HOHEDE 5500 DAY PRI-A(P), (4) $3-275.85 D S []
AHHTD 5. FERRER 2. 21RT L5, Dusobus BART O O o o [_]
PE L7 550 osow (8B EOEKE, 1.07~1.09x107%dB (a;&& A=A’ OUE
& WRI-4, E¥ 400mm) & ZE—EEICAR Y, Lad E#ED 2.3 ausob us DS
bOEBNEL R otr, 200 b BlEDLAVWEETR, 7508 ¥ Structure of contact shim.

DRERINRE, 7500 FOH LAY REBICE o T L0ERB D,
K 0.3x107%dB b B 57, #ifRE LT, 2508 #0HDELEEE
HCHRD oM VA, vt vs DEFT o508 MO ELA KA %
RehEdTE, BEEORILCEWIORMETELLEL DA
: T
PIESR OISR BRES LA LB MEEECOEY 2 b D i,
R 2.2 £H o5y MEREDORE (1) BRI-4 (3) PRI-4(P)

Waveguide loss with various flanges.
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7 5 v Y BRI-4 1 # #F 1.24x10-%dB 1.07x10-2dB| 0.17x10-2dB

RS IR A S :
FRhBeRE | EehokE | DN ,%

&

7 5 v ¥ PRJ-4 it ¥l o & 1.10x10-2 1.09%10-2 0.01 x10-2
77 v ¥ PRI-4(P) ft#isks | 1.33x10°2 1.08x10"2 0.25%10°2 (2) PRI—4 (4) Fa—-2 27w
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Frequency Stabilized Gas Laser

Ichiro TANIGUCHI « Kazunaru TOMISHIMA -« Haruhiko NAGAI

Frequency stabilized He-Ne gas laser with a single frequency has been developed for application to interferometric measurement of

length in accurate machine tools. To stabilize the laser frequency is adopted a new method by which change in resonator length due

to change in temperature is exceedingly decreased. Frequency stability of about 3x10-74 hrs is obtained in 3.5 hrs after turning on

without any control system. The laser will be advantageous for common types of length measuring machines from the viewpoint of

stability, size and cost. This paper describes in detail the method to stabilize the frequency, constructions of resonators and experimental

results.

Also given are comparisons between results of this method and those of conventional ones with temperature or servo control.
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REDTHIAE € - F 2%

4k

oL~
i T FARL—F DRI (L=15~20 mm)
(Bl + SLIRBRED)

Output power of single mode gas laser.

X 2.2

FERHIRIC I S HEL 1 &~ F OB % 1T 5,

(D) QYL BLo g tFr Ln T &, AnBic 458 25K
Khdce, ANELv-¥iHlio% ﬁﬁx})wlﬁ\ﬁvlt LD Tl
WThne (2) OHLTIHERERPEXFT2L LA L-F D
NBICTE D, FIERNE S R D DFER L TH L A BD, L=
15~20cm THNE 1D % = 13 2 BOMEH I &~ F CRIEI AIHE
THb, 2. 23Dt ¥OFRBEMHNOLHEFRL TS
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LA ERICERIVZEILIEARDDTH D, 2HEDHEHM &~
BIET D L TS D8, KO REEEE TR 1 ROHESR ©
—FTHRIRL T 5, LRDEHF e~F THIET 5 HiAcy
W IHBER O IR BEOR 20 by MORLABTIC—8T 5 &, i
FENRIC X DS IO D% T bW 3 “Lamb dip” 258 bh
%, BiCHl~3 X 51, o Lamb dip %#FIfHF 3 & BB 7 B
PO HHEC R 5,

BH £~ F KDV TH, L-F EDHEE Imme DL ¥ 2 DK
4 g8 o i WA T ENERK CEME, AEA100%) &
450 mm  (FURERAH5 99.59%) T3z kicky, TEMpe—~f %
HoCERTED,

3. FEBZRECOFK, &KE

THIETHILI T S R Lo ke kT 5 &, iREH
WAHKE 91 FHSX e CaTbns. WERESFXcR, 2
B« D/NE R el 24 1uR- (1% 107%), FHE (a=
5x1077) 7 SCIHRERE ML, WENEATR S, Tk, L-F
%ﬁm<5 (00I°C b wvET) WICAND D, H3\VIERE
S5O T HESH B,

#-if HEIHCR, MO E—o BERFIF L 2 5D 255
WOHETSH 25, L~ OHIMREEENZ T e,
2. 2 /73 Lamb dip BIREBICHL A2 %, b ICBEEBNEZTUT
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Wk dip diHaTLEv, MR E-o 2HT 2 L 5Kk 5,
T O HER MR OIE FiNHE ﬁ@)dﬂﬁﬂbf, ZE IR
-2 (ARIMY FROFL) K—B X T 5 HHETH D, ¥k HlEHOR
AR FERCOWTRBICERT 50T, ¢ TRIHAZEGT 5.
Y, WEBIZ T Tvo THIIEEO Lamb dip 25 x 5 &
Hxleltd, THbLHDHELOEDL R IIHMBORHELFIH L%
FALDH D AL IO, 2 b & EEREEER LN T %,
ZOZDODHERH IR AT (B aW) LW REXHTDH,
FL &5 g i< Lamb dip OB 0L HEEE GbE D
EHTIH EAD (F9100pW), LY EEMEEELED 5 5,
£ @ Lamb dip %FIf L < GBI BBt L3k & LT
1% Spectra Physics # 119 @3 Ed L HILNL T3,
bhbhRBIE<3 X 5K, LN HIEE T4 b T Ak
BEZEILT 2 WMEBO - EEEEET 5 L e bic, kT2
T ¥ X bICE FREY % b > Lamb dip %FIfH U 72 BEEE
FAL - HE S BE L, $THBOFRES XUHEERT,
1R RSk, BMICE S B ALZEDLWGE FF (PLT)
THRBECEMES GkHz) #5435 &, ThICHIE L CLEH
B2 L AL FERCRERAOED M IHEICEHD IS, HHREZERD
JUIE BRI a0 b SOl (Lamb dip OFD) Ic—FFhid
FEAZIELAY fo &aY, A (F3. 1) cFfhhd EAo%
at Hﬁ[*ﬂ?ﬁ KHE L BIRA OB h:T 5, Lh-TTD
WHUE SR BRI L, R L CIERE ek s, PLT ik
Mad ek VIHRFEEE 2oL MOPLIC—FI DT &
HHEFETH B,

Lamb dip
_______ PR
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BRI
33
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N Gelballi: i
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i
S
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o
Lot i
HERERS PUANT B
HHLO L~
B 3.1 S HIEIOIER (i : SR
Principle of servo control.
He-Ne # AL —%
Photo Pre
o I D——.-— det amp
R=w
R=450mm
5kHz
Osc
Stabilized
power
supply
PSD
DC
supply

® 3.2 9 HHEED Jovo

Block diagram of servo control circuit.
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® 3. 2 iC i FIEER O Jows BE KT, 5kHz O FEBCE

Jui%i/bfc L—1 ik Photo Detector (ZZEERIL SSD) THEUG

geifix d, Pre Amp TR X%, PSD BEES (5kHz)
& rn‘]~®}§jz&é& Wy oIEmc L, PZT Kb, % OB
AEHETHIE PSD IO EEOHER LD B -4 28 280 b #
OHRLTHIELTWS & & PSD INHIRETH 575, 20 b O
DinbFd L IEFARED PSD sk, L= 2 HIC 277t
W ORD R CRIES RS T ENTE D,

IRIC HelsnimE - e 2 ol L, o fEEC il 72 38 208 0
B Aau-F SEEOREYE X LT, bhvbhaiiiBicE
H L HEc D wTigd, CoXldd a5 2L CA%) &
Hesstonsz (AABIZHTE), ax—4x10777C) @ 2 FIHOH
BRIR O HEICI L, Aoy OBEIES % 34854 €03
2 DBHETH BT T Lick Y a8~ DE I —EI{RD,

L OWOIRROREL LTRE—IC, 21v7 4v RERETIE
B E SR E RSO NS T L Ch D, BIICIHRERBRD
BB N E T 2TH B, A1 TR a1wF fuv B L BEORE
LY 254 ORER LH L 2D LAID 2°3-4 ORE 1523 TH
DR DENE DK E D, R3S UICE L 7k
AT 25 ORic °C OfEEREF 5. EROMEL DR
% 284 % i\ % & HIE - M B A b N B D ) T
&, L RN T ORESFICBIRA T 20T, RUHHO
B % ) B IERES ORI/ X v, T OFIEDIEITEIC K,

- Z0 0D 13 s W RIS A5 S R g e b W /ML, PR EOMH
f}iﬂ’, fiiitts D (B THEIC 72 D o

4. HIRFOEE

E 4. LicitsknbffabiT &k Lamb dipic X b 9K §lEH 2
Fi 5 RO IHBEEREE R R . COBE a4 IKZAEEHIV,
T MU % K, RESI s T UEDWRTF2O R 2 ';:dSI}
DT OBIBETH B L, HEROEHMHERRKE TE
R INE Q L, HESREOETICHIRT 5 £ ORE, 7C®£

oy, MRS, RELEE EThER L, A, op AT, T L,

241 szldT ................................. (4.1)
b, H @a&’k}JB’JJHﬂ/'ﬁ’EH&% ag & L, AT & —5F L RE
T3 kit(4~1) &b,
“‘3:}'1;2‘: @y e (4.2)
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Bl 4. 210 234 ICTEADSMZE RO MR Fl 7 & & ORI
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4.1 ESSOEE (JLERE 149 mm)

Construction of resonator.

SR - Vol. 44 - No. 7 - 1970




el

-

M 4. 2 fa-y L5
Gas laser equipment.
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B 4.3 SUNECRRERG
Construction of mirror mount.

LT ABI, B4 31CRT XS ICSUREION & RO T % —5
T, dind- LR U ERE—OHE (rui-) THEZT iR XY,

DIy DHIEES f0 1K Lk, TOEE, FEEOLIER TR 2
A=Y D BIZEDITH LA EORE LS TAbILIACLL-T,
JAB R E B o

WEOBFNC B T RIEMT/ N OMBE L 2 D, 22BN
IR o DFERCHRET 2 X5 Kok, 2. 2. 3IRICHEAEHE
HEOZILE L4 CHMCENZ 52T, BERESRVC Ly
EZB L7,

F EREYBEER 1lem, W 1mm QR 4. 21RT Xk 5%
H{im’c’% o BHA Hz FEJIIX 2.4 torr (He® : Ne®=6: 1)-C, )
2 (AR cIET 2.

5 RIRFEEEZOLTEENEE

BRI HRERNIC B BTHED 5 HE GR-Y B F
&) X PSD [ OB IE(EA b HsE L, ﬂafﬁﬂ%@% TS ZED)
7 EIDZE GHRRREAEEEZMET 2 i Lamb dip 258
bhvd ([2. 2)) b bIHRRROEIERRF HET 5 &
CEYRET 5, B5. 1 BRFEDHEICDWT -4 FIRHRHED

Zgh & PSD HiJi OBROAERMZRT, HERER 2”8~y Ol
R LREeTbEd, MEC S (BT 2) SEMMR
P 58 Lz, EARATTH 5 T & BIERIE IS Lamb dip @
LRI LTRIEEAGABTH I Ehbbbh b,

F& R A B OB DO ERHEFF £~ ORI 1,010 MHz(L=
149 mm & LT ¢/2L~1,010 MHZ) THELEPDLHZC ERTE
%o [5. 1 THIRARBD LS 42 MHz (3 SRR e

FIBEETEAL Aav- HE B0 BE - ok

SHEE

Lamb dip

1 .OlOI\'H*izw*—‘————*————:
1
1
1
i

71:,:/1?111/‘7*' a

SRIEIER

B 5. 1 u-% R DZER & PSD )
Fluctuation of laser frequency and output of PSD.

I VAY
LA ,_/\/ \/\
7h &1} \/\/ 720 N
A £ 5h Ah 3} h 11}

o) ¥ n }7\ - N
& TR g
O
Q! - B 7}
&) LAy a
&
&

® 5.2 2y-sozud i) 2”4 OE (2R F39)
Free-running output power and temperature of spacers
in the case of quartz spacer.

TIXI0® M T B, LanoT, ShEdED 1/10 © PSD
W DEBDBNATEETD 5. 7L LY BOEHALETIOZEL
IV R OFLEBEIT 5 (7 20 MHz/torr®) oC, &
D JE AR () 2T 23 D ThY,

5. 2, 2°8-% CAHEEPEHL, F4. 3 CRT RS
WEERHAL, MoHELavEeE 0 L HAD Jy-Suzosd i

(RT3 2 DR B XU L, TR 23—y (FRIig) o
REEDZRT, F—2 XD COMHERD a, %5 T 5 L ag=5~
6x1077°C &2 b, AROBMERIICITE—HKT 5, HIIOZEH,
ML LAEVWDR Ne @ 6328-A #1 (3S,-2Py) & _Lfirdlfradk
4% 3.39-um # (38,—3Py) REEFET 2D TH Y, 6328A
34 2 HRBOEEN K E VL C OFBRIRAREC 5, L LR
PDHRA I 128~ BE LI VRHGEE AT LIt X ) 3.39-pm
DFEZNHITELC EBbhoTN D,

B 5. 3 @FHEDHDH D IKIEE X CRAOBMEIERED M T a”-
Y EHELEBETHE, COBRELIE, @5 4ICRFT LI
L e 28— BB L e B IR L DT, AR
REOHE LY TC (L THO 23-4 OFGREC) E@ETh
Feo CTOIRBRD a, FFI15X107CTH B, =i 16°C T 21w
F Ay (B 2°C ¥ C LA, 0% £1°C OZEL) 35 REfH%ED
JABFCERNE W 3% 1077/ AT D B,

5.5k, M4 VICORTIHRBCRENEE TR L 2D L
— iy PSD N1 & & 7Rs . FHIRH 3 Ik Icig b A 7o X
SRR 5x 1078/ SRR TH B, MRE IS EE 102

2 B L % {75 - T D, 0.01°C OEELS Lk LT
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® 5.3 2y-sumud e a]-4 O (a4 : FHETE)
Free-running output power and temperature of spacers in
the case of compensator type.
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B 5.4 #zu-4 S OWIHE
Cross section of gas laser equipment.
L
L —Hh
L-dhEo
PSDH 7720 40MH; PSDH | | e
FmeieF el it e

E 5.5 -4 Hi7J1& PSD 7 GREEHIHE)

Laser output power and output of PSD (temperature control).

vt h
! 1 !
) 1“ H T————
L= eo
L
__|10Mlz PSDHi 7
Dt N N N i e S
\\
PSD§iH+ 0O

® 5.6 -7 PSD Y1 (5~ HIHD

Laser output power and outpnt of PSD (servo control).
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TH b
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WEBORERICE W TAR I bICHETREC &, H1iIcE
HINBIEERE L ST THY, F2 1 231 D
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BUEEREAS R RE A R 5 & +5x 108 COE LD ER LD
T EREETDE, X108 CHREETHD S5, B L HD
BB ERAL, R5. 4 CRTHEOH v-LF 2K <T5
&Y ICHEH DB E A E 5 (HIMRE O ZERR a8~ ICk
BIHEEorhdnTdH ) Crickh TOHNNERIND,
24 wF do B D 23~ OREE EF% 10°C LIIcifiz 5 © & 137 fE
THY, 5 THE 20T Ao BIIRTEC LLERE AR ZE
RELNID,

F i, LR LT 1x1077 §ifk o0 A e s % 1% &
38F5E, 2.2.2IFTHE Lk 5 AZT &0 T
B nD, BT ERARCTIORBLHEE LS, RN
ZOREXRIEREOTHO—HTIRL, EROMNHENILT D X
5, xDEDLD R - F TELERD D, APHOIRB TR LD
X5 REENRLE DILTE Y, JLINBIERRECH T 2 BT E 0K
BT CE B,

ST, AR NEGE 10 E & AIER IR I
JEORE T 20T, COREIDORENEITH D, NME
TR E BERE L t—g OEM 2/~ IKH 5 FTOIEEIRH
ICRAET 5o © OffdIERIICR MO IR E Thvieo IR HIEHIE
TR Yy e B L LRAREZ TR > T 535, I
BREREE L, PORRECREREEZTTA S cd, LENE &
Y- IC X % on-off il & OPFFARFELTH 5,

Thbb, BEMTL TTOMBEEREN2H L TEDORHE
waal, PR - kX DV EIREEOMICE ik, AT
CRIEOE RIERIE % 772 5. W HIHCRX 51078, 3 AL
WD FES R A E b L2, ¢ OBRED BRERIckhs
FEERE O EB LN N OFRE R BERECOREEEINICI XA 5T
LREEoERRETRU Y CH Y, EREEEE L LTkThilR
ERETHH 5,

Y3t §lfgClk, Lamb dip OfLicEs T 2 EFER NI O FRHIRK
TR ¥ D EBEEER 5X107° TH 30T, 440 LEHOLH
BHD,

A ¥, BiBZEEEoiEd PSD 71F 2 v-% Kbk
eb DTH BN, AT LT HD E-+ DIPEIC L - THERELTW
{TFETH DA

.6 ¢

TR L He-Ne fizu—4 30 % BVE L ko a-4 ICHH R il
T, [EEHIER TR - T 5x 10787 3 RILLP O s s %
7 X biC $—f flE% A < 1x 1078,/ 2 o JRkce i »t
Bohi, WECEMiRELED faL-5 MEHOFRKE A X LT,
284 % 1E & B O BRI O #BCHECT 2 Mt s T
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Continuous lron Loss Testers

Hideshi TSUCHIYA - Hiroshi SUZUKI « Hiroshi SHIMOI

A continuous magnetic measurement is the best to have much information and to save labor in tbe magnetic test of silicon steel

strips.  Experiments have been made on various elemental problems with the equipment for making continuous and automatic recording

of magnetic characteristics of the strips.

Now the equipment of compact and stable suited for the above operation has heen made hy applying solid state components to all

circuits.

Up to the present it has been only practicable to run the grain oriented silicon steel strip at the speed up to 47 m/min and to record

iron loss automatically because of the restriction of the running device. -But the error ensuring the above speed is found within +1.5%.

TJudging from the response of each system of the equipment, this continuos iron loss tester can be applied to the strip speed as high as

about 400 m/min.

L £ X & &%

B B OB, BT S KA 2 LTS0S b )
Mo 132810 BAIC K o TR SRCnE, OB, M
TSRO THHER B L S ER ORI RE LT Rn L &
v, T9Rsdy AT TS 0, REHRIS X CREINECH
b OWSEIE ATRBEETHC &k &b oT, PGS
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WS RET BE RS < L, AILE KT 3 700 i,
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o EIORESIEECE AT, S 51y R R ECIME L
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Block diagram of continuous iron loss tester.
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A
Continuous iron loss
tester.

nﬁ@%czfs WCEE o DIKESIEBRIECHESR R ic T, W
DIF L A WIEI N ZXFEBERI BB Ol L
%, MHEEREHERMBEO B=15kG Il L 7z 3T I & L
WL, %ﬁngzka#eofn)ﬁibk%Ama,%ﬁ’*'
DFER@F Bk, MEEEOT BETILE, FHROBIRE
FEREIC—EER D, CDX 5 RIS Am&,&@uéﬁ
ZEERE L, BALRHEOR R - 2B H R 211 KA 2 HBET
DR LT RO N TE D,

COXSRLTHRLN MM IC I L BIE: H o1
BT 5 AL LB L BIE %, #EQMHBIRZOK k- T
Wi A DBEIEFOK & o CTHRETIE, WOEI B X GRS

DEBDORGERTIT 5 C &7 IBESAES BN B W H BT
Hem B R 2. 2 1C5R Lo

3. REEMOHA

ML EAAEE A RN 2 ER 2. L b bW Hdak X 5 ?H)Z@
VLI BWAET, BIO X W, BHGER e, R ”"TLQNMI
VIR, B LR R RIS X TR TR T T B
LUFiccv b 3 KMo+ 1772 56

3.1 :yga;g«a;

Hilds D ézﬁ]nﬂﬂi, BN 17 v 100-2 B v, Ro- &35
) FouR BHIG D ENSBIBIC X - TRKEERE T L2,
Pk FEDT AR OIS W) X HEEBUE X (0.35 mm) s &, B
A 10 06450 L 7 HIEIC 35 T 0.6 BN CH o oo & T TIHE

B 31 Eda

Pressure transducer.

7Q .y roL ARE

K 3.2 HE 3@

Thickness measuring device.

EHROEEBIBEE - LB - ook - T

HIEE XD BT HABIC, Ko- DPETRE 1/20 D% DIl L
Teo ZOFER, WOBE XA £10 %6 2L LAHPFIC B W T,
BEZ O3BLUT e, (EED2EDME LA oko % DEIZLEHR
HBEM 3. 1IC, FAMOBAFO Joss MER 3. 2 DZMICHL
7zo C@LA%H DR 10 mV/pm TH 5,

DECHRDIE S DJE X N7z BETH 3B 010 Ol % -CELET
5 DILERREEREREY, WICEER o OFOEICS B #igr
DIEZCHIE L 7 BIRIIE DU MBS A AICTE 5 X 51K, bh
I 9T FRIC L 2 BEEB V2L T3, COHK
THs JuFUod¥-r, m-wF, U-Fror FEES XU 5039050802
DEEE» LD Lo T3, DR T TSR % 12 KU1
WK EN T 223, KERICRAEIA S C &IC X o T&EE
10 3o 3% VEDINC, i AL DEERE S0 £L
ooy T HH LI 1 BUC#D 2, © ORI RO BVER I FEdk
AR DOTEORMIEMN T 5, WOE I &FERM & A
b, BENERE LT3 2KEEDTHELE.

3.2 ROEIMWER

SEHETRIA W (watt/kg) 13 SO 3 X OB & % < BT
KT DHHETEREN D, Liedio>C, JLHESHR0 Ml
FIrOMEE X CIE S CEBA L U 28 X, SRy B
R HZZED L, KD LN AFIBEHE LN fliTh A

X TCRD VAR IR R R T X 510, X DLW R ’(HL'C
DA% &5 CHIERKART 5 C 2Kk 52, koo
W J~hE—2 T TEEDEM % HIE L Twicdd, Sl
B LT D7D v—i 2 F D RIS &0 7. a‘&uﬁ Ve
T, HFHEOHE— (L a1 NTR) TH Y, HOMIDHICD
WTEINRB X Lk s, COMBEKIR 3. 3 IR LA L
5 I IRBBRTEIE ep R WELEZTHIEL, ZOMHNTBHLIUW
LT 2 D OWHTH B,

3.3 WEEERTH

Bon K2 KEERELEE, 3. 2 BTl e o
'H'é’/’ CIE T CHITE L e, TOEEERHEHL, B=15kG ¥t

K 3.3 PE R

Thickness normalizer.

(X 3. 4 MR B E

Flux density pre-setting device,
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Power source.

R
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X 3.6 WAL HHEE MR

I integrator-amplifier.

® 3.7 EEHEs
Wattmeter amplifier.
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RIESE 05 A O KBRS HE D, ThbEMIMLTR 3. 61
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Test strip for continucus running.
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F 41 ERMEAS LTS 2 o BB

Iron losses at appointed points.

\W % # W 15/50

Speed I

Tpeed 1 2 3 4 5 } 6 7 8 9 10 1 12 13 14 15
2.6 1025 | 1026 | 1026 | 1078 | 1.526 | 1.435 | 1026 | 1013 | tos | 1.8 | 1777 | 1006 | 1.026 | 1.026 | 1.02
1 1.025 1.026 1.026 1.092 1.536 1.428 1.026 1.013 1.025 1.539 1.765 1.015 1.026 1.020 1.020
19 102 | 1.020 | 1030 | tozs | 1.513 | 1420 | 1023 | tois | 1.0s2 | 153 | 1777 | 1020 | 1oz | 1.020 1.025
25 1.025 1.025 1.023 1.078 1.539 1.435 1.021 1.010 1.025 1.539 1.765 1.018 1.022 1.026 1.032
36 1.025 1.029 1.025 1.065 1.539 1.448 1.025 1.008 1.03% 1.546 1,800 1.025 1.025 1.019 1.030
47 1026 | 1.025 | 1020 | 1078 | 1539 | 448 | 1026 | L0 | 1025 | 146 | 1777 | 1.025 | 1.02% | 1024 | 1.0z
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4.2 FEFTHEIE 2.6 m/min o g E R
Iron loss recording chart at running speed of 2.6 m/min,
JLE 3 X UMD BT % I D, SRR D S IC D v T
1tk i e % Bl o
DF D, H150mm i€ 2yt LeAFs 0.35 mm B X o HEtkT
R G-10 2350 m G L, 2D 5 biFIFHdo 15 m o
W lm BECHFESZRC L, cOBES 1l ~15055b4~60
FHER RS D S, 9~11 DR DL X & B LR D 25T %
HOEICED I L2 b DR B e LTHV R, chERE 4. 1 IEL
] 7o
) 43 mmEzssuRR
” (1) #meRowssmk
FPRC RS & IR TT & & CREGURIED BIAC R T8 5 DICoE7 -
Ty ETHOEENRZEL L BB OREHETOISEMIE R <5 7%
DICDEDL 5 A% L,
FThHDLHE 2L WICHI A 2 5 AL T f=50Hz T B=15kG
DEZE G2 Th &, BIBIIIC, CORDEEXD £10 %D 7-

% 5.1 57 ML I

T DOBEDIEETERERFI 03 BTH - 7o

(2) SEHOESEETER

MR OETHEE R 26~47 m/min DOF 6 BREICH > TE L E ¢,
HEFTHIEC & 1C WI15/50 D% BBIER L Db, Bk
L7 16 g R B 2 BH0RBEEFHS L > TRE. 11T
NlTzo T CHDLEBOMENTEE 26 m/min KB 3 #BOH
s E R4, 2 1IGFE Lo

R4 1 POHELAARL K, WOEIR IUVRHGOZ DDA
CIER LR REL LicisERd, 6, 98X T 1ltkw
TH, EDCTFHLAEE B EHARAE SR - T 2 SEFEE
DLFCES SHREDOZE LTI L A SO bR A,

5. EBRRICNTIEE

5.1 RELROIEEEE

WOEX b X UELES & b i £10 % 2L X & 2 B EDIGE
BPER 03B TH o 7T &b, FEfTHEDOHEMED HHE KD 5D
KDOEDX S RZDODEHENRELLN S,

(1) B2 TIRODEE T BZM L L d

(2) WOEIXBZLLACTRELTHEIL LSS

(3) WOBEXEITHENE DIt L B

(L) DGECIEIRO B S ZEHRIERAML ZFTH 20 b, HEE
o8B o oL GREER 2m CERE) ¥ CHEEISETT S
FICHTERZBEE L T kv, BERBTEI T DOTE
g/ NEEREE Ims THEhb T hEIHET S &,

~2(m) i
=0.505) =400 m/min

FTADBEDE EH 10 %L LefliHic o TlET 5 & 2,
itk 400 m/min OWE FCETEIETH X\n,
(2)DEACE, #ERE 2B L & 2oz Lbile

U1

5 gL iR E O R =

Deviation of iron losses at appointed points with running speed.

RS = p” @)
(Sri’leffk ] 2 | 3 4 5 6 i 7 8 9 10 1 12 13 14 15

11 0 0 0 1.3 07 | ~0.5 0 0 —~1.4 0 ~07 | -1 0 ~0.6 —0.6
19 0.1 —0.6 0.4 0 0.9 ~10 | —03 0.2 13 0 0 —0.6 0.4 —0.5 —0.1
25 0 —0.1 ~0.3 0 0.9 0 ~05 | ~05 | —1.4 0 ~07 | -08 | —04 0 0.6
3 0 03 | ~0.1 1.2 0.9 05 | ~o0.1 ~0.1 0 0.5 13 | —ou ~0.1 0.7 0.4
47 0.1 ~0.1 —0.6 0 0.9 0.9 0 0 ~1.4 0.5 0 —0.1 0 ~0.2 0

%“ Wi—Wase

gf [ ﬂ%;ﬁé:«—ﬁg_ﬁ %100 (%

2. Wi EEOETHEICST 3R
3. W26 : EfTHE 2.6 m/min 31 3 5%HIH

BRIRO A RS - £B - 8K - TH
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ThF, BB oML G e & & I TR b4 FIE RS
i oTHY, COMERDKEBENIZ00LFTH Y,  DiE%E
HCHws et b, JIE a1 1L5m i, EBMYHLELO
R¥R05mOTHY, L0355 SORMETE, @HHETRTY
I EDRERHRT DL,

_01(m)
=0.01(s)

vy =600 m/min

LB,

(DBHFCE, ThoMEREIELENIOTH L, KR
(VHOBBROEIER & > TIE X\,

5.2 SHFOEHETEER

E 4. 1 CH~TETEED 2.6 m/min COEE (Wae) % ik
D, oL B 5 SR (W) & OFZEERKDOTRS. 1
Fliko WTFhDIEEALEWTY, EfTEEOMAICHES SIEE
DFECOTHEDEAARD LT, BUELOM L EER
4, 6, 9IBITFILICBNT L5 BT THY, ROEE B LUR
WETHDPRVIEEACE TR T 1 YBEORETDH 5,

RO X 5, EfFEEORINCEs T, FHEEOL O
KiE) REAMRATNTEFINDG XS ARBRAEL Ad oo &
By SED X5 CEBESROINEREEHL Lich OTR, BAD
MEETTRMEO X 5K, BK 47 m/min FTOEFTLATERZND
DT, BRI L Y EFTHED LREP KDL LA TERD 7D
BEKRTH 5,

TS5 LAMFRERCE T, KEELDORED KEY 17 212
0A-2 & e & X EHEHRE X T, %k Ehic2>w» CREENLDO K
¥ HIPFORE IR 2 RO EERAR R 8D X 5 RIGEDHE NS D
it s iE, S OESTEUEIR 5. 1 BITRET L LIRETHIT D
NZHDLEBL B, LOBFAICHE, RAMWICTEE OILERER
MEcA->TT L5,
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SIS, SHESEFORIEICE » TR BT 5 BB O
BESOMECONTHR 20 b, ERICMELEFETEE, ¥
b ICETRIE L% 5K 2 3% 177 o 7eo 18D NAKER L BT
3L2FDES5ICARD,

(1) EFRSEEARRIZAIC vy o 27— L Eh, 430x300% 200
mmn ORI vev 1 BICHE D, FEEOD 1/30 LTOKE I
o> %e

(2) 1RVERS% 2 (HF7 (EiEo ON-OFF, giiiz{7o ON-OF
F) OHCLAEDT, BICHFIHEED 2 A T@liETE 5 &
SIChoks k

(3) BEEATFCE 3% (EXLEHIE+ 2 %Rk CRSIIED
EHILIE L A ERV) RETIELEBER, EFFCESIBREE L2
9 E, TR IR 400 m/min T b PIRO PEH WHET H
5,

(4) HOEXOLEHA 10 %, SHIBRHED Z(LAFI80 %L » 5
HEAC DT 47 mjmin ¥ TOWEREATETA - 228, BT LD
(MBI 45 -4 - 10 Z4))

% & X M

(1) [, 48 T RsomKiEAaiam =2H 35,
No. 7, (H536)

(2) WO, B, 8K 0 R o S B i —
BHE R —, SEWEHER, 37, No.12, (18 38)

(3) +B, #A FE : 0\ FRE5 o R kil B il
— I ORETTIC & BB —, ZEEHHERAL, No. 3,
(Vg 42)

(4) Tk 85K wodvod HRIC X B IRERE,
$54% 44 - 30043, (7 44)
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X-band Gunn Diodes and Oscillators

Kiyoshi SHIRAHATA - Kdshi OGISO - Taiji NAKAMURA

Kitaitami Works

Shujiro MIKI « Shigeru MITSUI

Stated herein are X-band Gunn diodes developed and Gunn oscillators using these diodes.

Though some of the problems on their

materials have not yet been completely settled, their output and reliability are considered to have reached a practical stage of usability ;

it is possible to produce diodes of good quality and small temperature dependence.
heighten external Q, to make further improvement of the temperature dependence if necessary, and to promote the stability.

very effective methods, a loading of band rejection filters is stated here.

In constructing the oscillators, it is required to
As one of

In addition to a rather precise explanation of the oscillators

produced with 50 sets in one lot, electronic tuning characteristics by means of varactors and characteristics when the oscillators are used

as a homodyne detector are mentioned in the article.

L X 0 %

FHSUR D M-V Bikic s 2RO 2100 BIEW, T X%
HHnbhWw 3 Ay B, 19634E, J. B. Gunn iIK K- THEIN
TLBE, Hosdti-F DL EA T, 104EE2F L CTHEH
A DAL L5 ICEDbI D, 3B AA GalAs DFHEIECDOBIZE
B B3EER EDD DTH B, Hudfi-F CHET->T, Gals A5
22581 —F BFFE LT & BELT, HRNBCRRGL, 5
O EHID Sodai—F DEWERFHEE - iV SERCHRE
HEHE - ZeEtl - BEEMR R DBROMRC X3 D DTH B, AT
FHC ISR BB DI A7 & A7 2 BIEKE: - O, B XU
PAMEOTMWIRIE D 5.2 2 E O TRL R TH %,

fiv FERE OB Q I 512ty WENTHEH LKW, T DT

& R - R - MR 5 A b BIRIE TR T &
THD, FIFWOMOE LD > T Q K L2352, Il
LTETFS 2DOR—HTH D, KLTHE 4144-F Db DAHEHI %,
ZTHhBCTenl Q% LF5HE, BLUTX0HEEO—, Zitdown

THEH LB TH 215, A502 K L 2ETEFFRES, tedo
B AREIRORHEIC O TH L TD %, EFMZ M2 ZBAE,
1 HDFIERF L D &, & F - AHOFRIEIRDORMED XIBR KEIT
HY, BEOHDILDOWT] oy 0 EDFERFERENM I TV D,

2. Hrs44—F

2.1 BMHeH AL~ FolEE

Budti—F DFEE LTRIECHACLRTWE D, SN
% GaAs TH %, X-band DB CHIETR XL L 2DKE,
FAREWEE 2 #0100 OWICTELERD LM, TO X5 A Hn
JEE, (B GaAs QIR LICKHEEE, ¥4, BHEEER k-
Tt Gals & TEatyel HEIETES C LB TE 5,

FIETERED ++u7 BE oL, BVE 32 FRIBERME - FIE =
FO@ TEROBIIGREO DG, FRIBSLES GHEBEL,
NOREE L URIERERE, SMREE 2y z%rh‘bf;zahéo
X-band fl Avdqi-F & LTE, —iRiC, BHEE ++97 BER,

*EREBVERT (T gallERT W JLRFHEWERR

2.1 Xband o414~ F
X-band Gunn diode.

6.2¢

T
1

4.59— F

MIX0.6— |

2.2 Xband o d 14— F~F &
X-band Gunn diode dimensions.

1x108~3% 10%/cm?® OB b D HHT 2, oMLY D +
w7 BERKENHEICE, ERBEREC XD T & B EME
BrabEEECRY, T4, CTOFAID BN EEICE, wh®
5 LSA = BIRFHC B V250, X Auf TORERXTE 2 <
b

2.1, X-band fivs1a—F DHETH 5, d1A-F THEER
2. 2R T 12 DHEER 1Ea% v+ GaAs D RIC, X biC A4
e avast BRECT 57200 HIEH Nt -GaAs O g2 K
FETET LI, WhO2ZEHEETHRL T3,

£53woh—2 FO 220 K, #RHERFLCTS%D GaAs
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£ 2.1 Xeband fjy sqA-f OBALINTI, K

Types, output power and frequency of X-band Gunn oscillators.

FAF— ¥B4 MG-1014 | MG-1017 | MG-1019 | MG-1020
AR W (mW) 25 50 75 100
FWM (GHz) 10~11 10~11 10~11 10~11
AR B2 iz DH?
i / . . L (' \
. - : a Ny & (Y J
NN SN F 0yt
H : : : ”
| /7 VAR N
K'La V-~ Ve Ve Vo Vo v
& 2.3 EE—FEE, BE~HIEIRE»DL
S EN D R
Classifications of Gunn diode based on V-f, V-P
characteristics.
A
Lers Lop, iz
—obk Lasrupwm
i
iy
B —1t
[
s o
0
0 ] s ' 1 1 3 )
0 —-10 —20 —30 —40 —50 -60
4f , MHz
VAR

2.4 Af]AV ¥ Af]AT & @ B &
Relation between 4 f[/4V and 4f[4T.

Nt BEISE D T bh, d-sffElidhTnd, TRAIZSHT
Frwd CHEER I, A7 BERIERIZBEME S,

2.2 HrFA4— POtk

X-band FHICEFF &N e Avdqa—F &, WHT D foC51 D4
& -T, POEEERRIC 1GHz DL EORIHICH 7z o THIR &
HBHTERTE B,

IR, HEcXoTIRTE, ¥/, TEZ d14-FICX
S THLBEOFLOERH 52, il 100 mW BT, 3R
3YUHIHRTH B, CNETICH— 412 % 290t Lk d14-F T,
265 mW®, #¥ 412 & 2ot L 494~ T, 450 mW D7)
FETKB OO

F2.11, M A4A-FOEHL,
71 - BEBHEE R LT 5,

AosdA=F &, ZOFIRMII L FRED A172 BEEFHEC L -
T, 2. 3FET LS RMNODBICHIHT 5 C L8 T & 50O,
TN D At OB, BHCHEED feur BEIC LT
wEdHoT

ZINCHIET B IR(ESEIR

71 % 10%5/cm? D,
1x108=<n=<<2,5x 10'5/cm? A, B, Cz
7n=2.5%x10%/cm? D, &

thbo DIBR, #pU7 EDOKEIICL-T,
RTHTERHRTED,

E2.44, A B, C BXtUD &1 14— DREERERKDO A
{72 B & R & DR R T b DT, Ara BRI
DK E D BRABRERFS KE L, WEOHBEE, A D,

Dy e Dy jBic
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Aqg—F DR,
zEThHs,

Dy B A7 BEEER D BC T 545, IREERHER, A
BpicTIFfic i v, CRIETRMIRESH L Qv kD &R
Litd, ik A, B, CIpTd, dPAV pAOHRcl, D JEH
PSRRI L L, i b B 5 49

Hodtd-F OFEROCEI LT, MisE - BN - c- Y vow & &
M O PEUAIE T & RO BT 2T 2 5 2 T &b ho T,
FEECBIL TR, 200 RIS e 3 2 WIS & BT 1 10,000
R FIER e lifEs 3 C & Rbh o TE L,

SERBRD WBH b 2T, JUNLE D TR

3. SA4F4—Fo=4 s 0gRE

X Aubfivdfa—t @&, ¥F9cE 3. 1 R Eiiic 29y
b U, 384 oqo0 W ThRDBL, Aqra Bl X USERERNL
XT3 5 B - TR T 5, B Emid il Ll
% oot T, MG-0900~1100 5, y—73 @ 444~ iKxt L<i, B
AIOFE ta DE 5 Ak LICEAHIAES L5k oTwd,
10.5 GHz C#lliE Lz y-r SREDOH% R 3. 2 1K/RT, 3. 31,
A1 F—F P b EME TOE X Ot 2 Fiki e O JEH T B
Bo AMA-t 1, COEEzERc X % iz, MG-O ks
XD, BHOIODKEE, GHz ©HEb Uik ik, kO
DEFE, dBm TR L TR Z R T
RIS R 72 B A O, HEETcEDd L wi T sk, RED

3.1 X-band o & — ¢ A ] BE i 22 IR

X-band standard cavity for diode measurement.

-

3.2 EHENBAEROY-7HE
Rieke diagram of standard cavity OSC.
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noe B 4.1 FERmE f & ERONKQ & OBIR
750 Relation between oscillation frequency and its external Q.
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BRF
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Relations among f, P and .
— oo 4.2 BREEFH AL FHER Sows X
4. FIREFORER Block diagram of Gunn OSC loaded with BRE.

v %’ﬁ:‘h\ WRIRE,  JEAMICE,  dad-F & B & OO HikE V082, BXTTNDL LHHD Sur-O HROLD, H - iFlHE
KU LBENEHEMEIRD T L !CZEZM; M, Thth RGBT 5o EFHHERBECIE TR Q ext BIERICKE
DAJHE ﬁ IR T, A - LGOLEHe, WSk E v o gL %Y, WHHTHHRERSETE Qext i1hahd, HFIIL
5L AT NEAL ARV EBEV, Tz, FWERTLEDOLD, R A 10GHz, 5 H R A 13 GHz @ & & DIEIR B
BRI ERINIEE L H 5, AFICE, ThbDHERE L Qext DBRMAER 4. 1 IKRT . ThbH, d14-F DHE
B L e SR ER D FILIC D W TR B TSR e % AR A AOE S ~E, 28I Q ext DE- IR
4.1 FRBONE Q & 54+~ FEHY AT 5B TE D, Ak, MERD d4-F OEFIFHE
Bo FEIRER D B, EH Lo ThRwEEREZ v, il JHBEL, EPEDORET, dMA-F BHEOE X DKL A D,

o EIRAEPER, 2RI DRERHE & BUBIRRE O Bk DR A 4.2 BRF ZfqgiRes(»avaw
§ ROEHEECE, ANEDCEZ IO, 71IL-2 DE 5 AT FEHEAREH O OITEEICE Q DHARELIL A #5s (BRF) 2 @iksA L
ILTE D, FEWER oo 2t0y XV $550E, —oKiE, Hudr HJ1D—#% BRF Ol AT i, Qext (ZeEh) #3F L L TE]
F—F BUE fob—don TBT-Ded, FEHE L T O HEEO 22, DHTEBTED, Jowy 2K 4. 21C0RT . FHIRROSMN A
.20 )y MEIKHIOND XSKENEDTHS, JEPIICR: BRE & OfOEFL 6 42 5 L, TORE{LDE)
B dvdoguz KT % 5 ASNHIE 4252020 Ik k3 ek, R4 1 CRTLOICEILTE, £4 1 IESM N, O,
JABEEEG) (Af1f) & nld, w/2, 3n/d DEGHED, BRF IHERBHE fH & —ER LT,
i—’ff/f! =D[2Qext i 4.1) AR D IR FBE 1 % B2 & O BRE Li56iRsE ORE
RO LI, Qext ICHHHAT 5, Gals DEFBHE # X, 1218 JHEEL 3 T
MR GIT 2 L2 b B2, p DR, EEEOEA ccT
PoIhE, yeJiaua DEML 0 KEMTE 250, MEHREELE Q1 FRIERR DA Q
Qext WWHitHIT 2, NIBER YeIaux DE®E, Tk, bTHE Q, : BRF op3 Q
bEDLH b, FEBAEMOEENC X 32wk Qe‘it i E s S fo T, BRF Sfkilsa il L CIER % S & @
TE 5, VSWR=15[CHAF 1of-dun BRELL & & ¥ O TETER L
1k, pulling factor Zz; (4.1) T 0=042 Lt FTKB b D, % b=(f1—Sf]f2
¥, HEERHED Qext  2FuCMLA L TR TN B, S=(f3—f2)/fa
BlEl~A2 X5, Qext %05 LX, EEL - {EHEZ1Lc THd, [holgEs P (=1,2,3) TObBLUSDETL
% Lo THATH B, Qext BN OBYAMBEIC 7112 %% 5 THde fLre—Ee L, oLt LALZD fi, XU BRF &
T ALTEDBOR—TBER, S-F M Qext 2HB X HFERGONHM Q, BRF % 5 ALV AHICHIATE 5,
SWHERT ERNTE D, S4—F IKE—ARICREEATET L HFD LTEAHRIER, FEHERONT Q, O, KUHHAL, BEE,

X Ko Rfivdtimf & 5IRSE - I - AVKE - it - = - S35 971



EFAL fi, fok fi E0BE b= 1—S)If
5=(f1—f2)/f2-
Frequency relations among f, f» and fs.

b=(f1—Sf)fe 8=(Fs—Sfo)/ S

b b b
o | b P PLY
8
S—1
4Q ,S 0 :
0 —Pl P, . P,
_ =10 b
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5. RiRROEMK

5.1 FE#EEEEEHOBRIRSRC

B /NEARERD—D & LT, FIHREEEH O RIER?E
2bhd, E5. 1, COBOEEROHELTRT. ZORIRE
X, HHERMER XU E2 OFMic X Y 1GHz LILED HiHC R
T35,

C DBDFERRF v TBL L BRI, 9.29GHz T 250
mW TH 5,

5.2 #UREMH - HEiRS

105GHz 30 mW @ p512tnu D{tb DT, aE-F -2 FIFEHIRER
L LTEMLTE S fu FBRBOMNEER 5. 2 LR,

2. 2 BT X BT, AvdtA— OTMPIER, REKRT
RN E L, 0, BE—EECAS LS KELRTVRS, TOX
3% Aqi-F BT, kO BIFE SRR REE X CET S
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TTEERRTEROEBIEL, »IBEDEYRET S, Tk, T
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5.1 AR EHEN OB RIESE
Coax. resonator Gunn oscillator with WG aperture.

5.2 10.5GHz EpEl Ao %iEE GEE v¥aL-2 )
10.5GHz WG type Gunn OSC (with regulator).
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S 1 50H O F KO F IR K #52 BREEMICX 2 RI|HH-EOHBH

%; Mean values of fifty oscillators’ characteristics. Table of a oscillation characteristics loaded with BRF.
; . e (A) (B) B)
i * * i “‘ # # BRF 71 | BRF %t A)
g B ® % (MH2z) 10,525 H # B N (mW) 45 15 .‘5
HoO# OB A (mW) 43 MERORIEEFE  (MHzV) 10 0.5 5
BB B 42 B (MHe/65°C) 5 IS ORI KTFE (MH2°C) 3.6 0.16 *
AW % % (MHz/V) 0.1 Q ext 15 1,600 110
" # 0 170 Pulling factor  (MHz) 140 1.3 =
01~ a) 201~
2 (a (b) 20]- (o)
RUIS ool oL
A 4o — {0
0 0 0 ——
30 35 40 45 50 55 0o 2 4 6 g8 10 12 0 5 10 15 20 25 30

8hH P (mW) FElik#R g, (MHz) EREES) (MHz)
B 5.3 lowh 50 SORKESH (a) FEEMS (b) ~15~50°C i3] 3 B (c) VSWR=15 D 20 Sys @y

Characteristic distributions among one lot of fifty oscillators, (a) output powers, (b) frequency variations between temperatures
of —15°C and 50°C, (c) pulling frequency at 1.5 of VSWR.
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5.4 105 GHz B8 o FIERO 1y 59 Regulator input voltage vs. frequency & output power
Rieke diagram of 10.5 GHz WG type Gunn OSC. variation of 10.56 GHz WG type Gunn OSC.
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5.6 9.3GHz [Hiiliz BRE 3 o 3598
e
9.3 GHz coax. type Gunn OSC. loaded
with BRF.
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| - ~ o Frequency spectrum of oscillator
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X 5.8 10.5GHz &yl ¥ BRE 540 #o F8HRER
10.5 GHz WG type Gunn OSC loaded with BRF.

B

EN )

10,550 -

i

10,500

FRARIRBRIRAIEE Fo (Mitz)

% 10,450

T
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BEAD f1 & f2 OBIROMERHE
Experimental results of relations between f; and f3
at constant fyp and at 0, =/4, 3=/4 of 6.

5. 10 HgkEIE AsvaFa—T & Ho FEREE
WG type Gunn OSC. with varactor tuner.

5. 8 R E BRF S5 A BIERONEH & R ¥ JERRR
LR ogktem & BRE D & oMOESKMO & Ast-a £ LT,
BRF DR EEE o 2 E 4 7c & & OFERAE f3 OERER
5. 91CRT, 4. 28 IR~ ZF FFER EIEFHIC L {—HBLTn
B,

5.4 R555Fa~FFEHRERW

4. 3EICIR~7c X 5 % A5o8Fa~F RHUAALT Ho B 4 %,
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Varactor tuning characteristics of Gunn OSC.
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5.12 Fy FEREEO hedfy B e LTORIE
Sensitivity of oscillator as homodyne detector with
and without BRF.
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fAliis B 8,000 ~ 15,000 rpm

E B o

Iy i (EEERHD 3

SHRE: 120 Z/min

R 16,500 rpm 1 4)f]

[iET GD? 2.8 kg-m?

L AR ALzt B
ELNav/ ] TEE 140 kg (G 70) AR}
A + 1%

LA 1,550 kg

o 370 kW (500 PS) 15,000 rpm ED 4 (€42
[P LT
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